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Sectional Jealousies Retard 
Road Improvement in 
California 


Fully 40 per cent of the pavements 
on the 2,500-mile California state high- 
way system urgently needs widening, 
according to a statement issued by the 
Automobile Club of Southern Califor- 
nia. It would not surprise us if this 
percentage were typical of all paved 
roads in America. Certainly wherever 
one goes there is abundant evidence of 
highway overcrowding. 


In his biennial report, Robert M. 
Morton, California State Highway En- 
gineer, shows that during the past two 
years California spent about $11,000,000 
for new roads, $10,000,000 for recon- 
struction, and $8,000,000 for mainte- 
nance, exclusive of about 10 per cent 
additional for overhead costs. Hence 
only a little more than one-third of the 
total revenues received by the State 
Highway Commission went for new 
roads. Mr. Morton urges that at least 
$10,000,000 should be spent annually 
on state roads (exclusive of reconstruc- 
tion and maintenance), which is about 
twice what was spent annually during 
the last two years. But the recent de- 
feat of the two highway measures by 
the voters means that no more money 
will be available during the next two 
years than during the last two years, 
namely about $15,000,000 a year. 


This seems like a large sum until 
it is converted into a per capita cost, 
where it is seen to be only $3 per per- 
son, a paltry sum for so rich a state, 
and one that boasts the greatest num- 
ber of motor cars per family. 


Unfortunately a row between the 
northern and southern halves of the 
state as to the distribution of road 
funds resulted in the defeat of the two 
highway measures. And there is no as- 
surance that a continuation of this sec- 
tional fight will not have a similar 
result in the future. 


California is not alone in such sec- 





tional jealousies. Several of the large 
eastern cities, for example, are com- 
plaining that they furnish too large a 
share of the revenues devoted to high- 
ways, and get too small a share of the 
benefits. It is probable that this kind 
of sectionalism will become more com- 
mon, and consequently more injurious. 
It is serious enough already to call for 
the best thought of all who are inter- 
ested in uninterrupted progress in road 
improvement. 





The 27,000 Circulation of 
“Roads and Streets” and 
““Road and Street News” 


“Roads and Streets” has attained a 
paid circulation of 9,309 copies, which 
breaks its own record and far exceeds 
that of any other magazine that reach- 
es the highway field. 


“Road and Street News,” the free- 
circulation supplement to “Roads and 
Streets,” now has a circulation of 17,735 
copies. Thus these two monthly mag- 
azines reach 27,044 different men. 


“Roads and Streets News” contains 
only half as many articles as appear in 
“Roads and Streets,” but many men 
find in this half all that they regard 
as needful. However, there is a grow- 
ing recognition of the worthwhileness 
of studying all that the editors provide 
in “Roads and Streets” for the special- 
ists in highway construction and main- 
tenance. This is attested by the steady 
growth of the paid circulation of 
“Roads and Streets,” which has at- 
tained an impressive total. 


Nearly half the circulation of these 
affiliated magazines is among contrac- 
tors doing highway work, the other 
half being among engineers and offi- 
cials; the whole 27,000 embracing the 
designers, builders and maintainers of 
the greatest transportation system in 
the world. For such it may be called 
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without braggadocio now that it com- 
prises 20,000,000 motor vehicles oper- 
ating upon 3,000,000 miles of highways. 


As to the future circulation of these 
two magazines, it is not beyond rea- 
sonable bounds to expect it eventually - 
to become double what it now is, with- 
out going to others than those in 
charge of design, construction and 
maintenance of roads and streets; for 
no other branch of construction is grow- 
ing so rapidly. This is a natural con- 
sequence of the rapid expansion of the 
motor vehicle industry. 


Now that we are fast nearing the 
time when there will be one motor car 
to every American family, signs are 
multiplying that the majority of fam- 
ilies will eventually average two cars 
per family. It is becoming quite com- 
mon to build double garages for new 
homes, even where the houses are not 
those of the rich. The wife, as well 
as the husband, wants a car for per- 
sonal use; and the older children are 
equally ambitious. Nothing but limited 
income prevents most present car own- 
ers from doubling the number of their 
cars. With average incomes steadily 
rising at the rate of 2 per cent an- 
nually, it will be a matter of but a few 
years until the two-car family will be 
a common sight. 


Of course, there are a thousand other 
magnets for the family dollars, but as 
yet none has been found that exerts so 
powerful a pull as the “seven-league 
boots” called automobiles. 





Contract Prices for California Road 
Work.—The biennial report of the Cali- 
fornia State Highway Commission 
gives the following: 


The average contract prices for the 
period are as follows: Year ending 
June 30, 1925: Grading, per cubic yard, 
59 cts.; asphalt concrete, including all 
materials, per ton, $6.43; concrete pave- 
ment, including all materials, per cubic 
yard, $10.85. Year ending June 30, 
1926: Grading, 44 cts.; asphalt con- 
crete, $5.13; concrete pavement, $10.58. 
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Pulling New Culvert 


Through Old One 


Methods and Costs in Ohio Job 
Given in The Highway 
Magazine 


By W. S. CONKLIN 


County Surveyor, Butler County, Ohio 


Placing corrugated culverts under 
existing embankments by means of 
threading or jacking through has been 
done by various railroads with entire 
success. Using their experiences as 
precedent, Hunter and Bond, a high- 
way contracting firm, recently demon- 
strated that they could, by adopting 
this method to minor installations, save 
the county the cost of providing de- 
tours and at the same time add a nice 
percentage to their own profits. 


The Existing Conditions.—The exist- 
ing conditions were as follows: an old 
rigid pipe 24 in. in diameter had 
cracked in many places and was in 
danger of caving in. The fill over the 
pipe was 6.0 ft. at the inlet and 6.8 
ft. at the outlet. The roadway was 21 
ft. wide between the insides of head- 
walls, while the pipe was 24 ft. long. 


In considering the possible methods 
of replacement to be used, one alterna- 
tive was to place half the pipe at a 
time and backfill, keeping the other 
half of the road open to traffic. The 
other plan was to detour traffic 2.2 
miles, as a runaround detour was not 
possible at this point. This plan would 
have inconvenienced the contractor in 
performing other work in both direc- 
tions from the culvert, and hence was 
not seriously considered. 


Plan of Replacement.—The plan of 
replacement finally adopted consisted 
of removing the failed pipe, section by 
section, and pulling a 24-in. Armco cor- 
rugated pipe through the old opening. 


Ordinarily jacking the pipe through 
would have been more easy than pull- 
ing. In this case, however, a narrow 
stream paralleled the road on the down- 
stream side, the side from which jack- 
ing must start if drainage during the 
work is to be provided, and would have 
necessitated placing the backstop for 
the jacks on the far bank nearly 15 ft. 
away. It was to keep the roadway 
open and to give the pulling through 
plan a trial that led the contractor to 
try drawing the culvert through the 
old opening without excavating. 


The Equipment and Methods.—The 
equipment used consisted of a 1-ton 
Yale differential pulley chain block with 
8-in. sheaves, a %-in. wire cable, timber 
cross-beam, small sledge hammer, stiff 
trowel, well-built soap box, and digging 
tools. 


The first step was to construct a 
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deadman just beyond the inlet of the 
culvert. Then the new pipe was placed 
in position to enter the downstream 
end and carefully lined up on tempo- 
rary supports. The chain block was 
hooked to the deadman and to a rope 
passing through the old and new pipe 
to the cross-beam at the outer end, as 
is shown in the sketch. A wire cable 
was later substituted for the rope. 


Beginning at the outlet end, two 2-ft. 
sections of the old pipe were broken out 
and removed, the passageway slightly 
enlarged, and the corrugated pipe 
pulled in 4 ft. As soon as each section 
was broken out the corrugated pipe was 
immediately drawn ahead to take its 
place. This process was repeated until 
the new pipe was entirely through. 


Removing Old Pipe.—Removing the 
old pipe was done by a man lying in the 
corrugated pipe, the pipe serving as a 
shield. He had no trouble in breaking 
out the old fragments with a small 
sledge hammer. Then he troweled away 
the sides and ceiling to provide ample 
clearance for the new pipe. He loaded 
the excavated material and broken pipe 
into the wooden box, which was drawn 
out to the dump and back by means of 
ropes. 


Only one man was required at the 
chain to pull the pipe the first 4 ft., but 
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Sketch Showing Layout of Old Structure and 
Method of Pulling New Pipe Through 


the friction gradually increased until 
six men were needed to draw it the 
final foot. The chain block was such 
that a pull of 30 in. on the leader chain 
advanced the main hook about one in., 
meaning that if six men each exerted 
150 lbs., a maximum pull of 13% tons 
was withstood by the block. This pull 
could have been reduced by increasing 
the clearance over the top and sides of 
the pipe and by lining the pipe more 
carefully as it entered the opening. 


The men who did the pulling did not 
remain on the job all the time as all but 
three were working at other jobs within 
half a mile. Whenever pulling time 
came, the boss would round them up in 
his automobile and then take them 
back when the pull had been made. 


Although only unskilled labor was 
used the character of work obtained is 
indicated by the fact that the completed 
culvert was in almost perfect alignment 
and grade, the variation from a true 
line being only % in. 


The job was finished up by placing 
cement mortar between the new pipe 
and the old masonry headwalls. 
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Costs.—The following are the actual 
costs of installation: 








Placing deadman ‘ $ 1.60 
Hauling pipe - . 1.50 
Placing and connecting pipe............-.... 1.00 


Removing old pipe and pulling new 
pipe through (3 men, 18 hr.) 54 hr. 























at 40ct. 21.60 
Foreman—9 hr. at 80ct sae 
Roadster to haul men to job.................. 3.00 
Lumber for deadman 1.00 
Use of tools 1.00 
Placing mortar collar (1 man) 

3 hr. at 40ct 1.20 
Cement and sand 1.50 

Se See ee ee Re $40.60 


The estimated cost of installation by 
open-trench method: 


a $ 1.50 
Excavation—17.3 cu. yd. at $1.25.......... 21.60 
(Includes removing old pipe) 
Placing pipe through old headwalls.... 1.50 
Backfilling—17.3 cu. yds. at 75ct........... 12.95 

Foreman—12 hr. at 80ct...... — 

Roadster to haul men to job 
Replacing gravel surfacing... 
Detour ianatinn sii 
Use of lumber for bracing trench, ‘ 


















en .00 
Use of tools .* ta 
Mortar collar, lab0t.....-....-...2.--20--.--.-<---. 1.20 
GOOD GEE Gente 1,50 

y eee Se $58.35 


The saving shown, $17.75, is ap- 
proximately 30 per cent of the total es- 
timated cost of replacing the culvert by 
the open-trench method. It is noted that 
the largest single item is for removing 
the old and pulling in the new pipe. 
All other work may be called prepara- 
tory or incidental to this main opera- 
tion. 





Drop-Leaf Shoulder Drag 


A new drop-leaf shoulder drag that 
is stated to do away with the necessity 
for a return trip when grading shoul- 
ders to throw back excess material and 
clean the pavement, is used in Division 
II by the State Highway Department 




















Plan and Elevation of Drop-Leaf Shoulder Drag 


of California. The drag is used behind 
a 1-man grader and is set to throw the 
material away from the road. It takes 
the excess material thrown up by the 
grader and throws it over the shoulder. 
The outfit was built from old grader 
blades and scrap iron and cost about 
$12. It was designed by E. L. Stump, 
Maintenance Superintendent of the 
Division. 
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The Largest Paver in the World 


Outfit and Methods Used on One of the Outstanding Concrete Road Construction Jobs of 1926 


By L. R. AMES 


Acting Chief Highway Engineer North Carolina Highway Commission 


The largest paving mixer ever built 
has just finished laying 30 miles of con- 
crete on State Route 40 between Rocky 
Mount and Halifax, N. C. It required 
three cranes to satisfy its voracious ap- 
petite for sand and stone and was at 
first fed with bulk cement handled en- 
tirely by machinery. Another innova- 
tion used on this job was the inclusion 
of calcium chloride in the concrete as 
a curing agent instead of spreading it 


minute fer the twin mixers. It was 
felt that the batch-a-minute plant 
would double the output without dou- 
bling the payroll, because with a single 
mixer considerable time is lost waiting 
for the next batch to be discharged. 

Water Supply.—Supply lines of 
greater capacity were required to keep 
the big mixer busy. A 15 H. P. Diesel 
engine connected to a pump supplied 
water for mixing and preliminary cur- 

















The Two 32-E Mixers on One Chassis 


on the surface. These features made 
this the outstanding paving job of the 
last year in the United States, which 
means also the outstanding job in the 
world. 


The Mixer.—The big mixer is a 
double 32-E Koehring formed of two 
separate 32-E mixers set on one chassis. 
There are two gasoline engines, two 
drums, two booms and buckets, two in- 
take hoppers and two mixers, all 
carried on one pair of crawler treads. 
This manufacturing plant nearly filled 
the space between the forms and was 
pulled forward by a gasoline crane 
which also lifted batch boxes from the 
industrial railway cars and dumped 
them into the mixer hoppers. These 
hoppers are above the mixing drums 
to facilitate rapid charging. 


Such a leviathan was purchased by 
the contractor, James O. Heyworth, 
Ine., because the North Carolina speci- 
fications require that concrete be mixed 
a minute and a half, which is half a 
minute longer than in most states. Un- 
der these specifications a single mixer 
will turn out a batch about every two 
minutes, as compared with a batch a 


ing. For the mile nearest the pump, 
3-in. pipe was used in the water line; 
on the balance 2%-in. Water was 
taken from nearby swamps and pumped 
a maximum distance of 4 miles. An 
auxiliary tank on the mixer held water 
enough for 4 batches so the mixer did 


not have to be shut down while the 
supply hose was being moved to a new 
connection. 

Industrial Railway.—A single track 
industrial railway supplied the mixer 
with proportioned batches of material 
The longest haul on the 30-mile job was 
64 miles. To facilitate train movements 
a switch was put in every 1,000 ft. and 
a passing track which would hold two 
trains installed every half mile. Twelve 
7-ton and one 4-ton gasoline locomo- 
tives and 140 cars and batch boxes were 
on the job, ready for use when needed. 
Two locomotives were kept at the pro- 
portioning plant to switch trains and 
spot cars under the various measuring 
hoppers, and a separate engine and 
transmission was always ready to re- 
place any locomotive engine which 
needed extensive repair- work done on 
it. A train consisted of 15 cars, each 
carrying one batch weighing nearly 3 
tons. Work trains were also used to 
transport forms and track. 

The Proportioning Plant.—The con- 
tractor purchased a granite quarry and 
the necessary crushing machinery be- 
fore the job commenced and supplied 
some of the coarse aggregate. As there 
was a large quantity of rock screenings 
for which there was no market, these 
were sometimes mixed with sand and 
used as fine aggregate. 

The proportioning plant consisted of 
four steel bins, one for sand, one for 
screenings and two for stone, a bulk 
cement bin of 4,500 bbl. capacity and 
the necessary standard gauge and in- 
dustrial railway trackage. Three of 
the bins had a capacity of 35 cu. yd.; 
the fourth, used for screenings, held 
20 yd. At the same location there was 











Charging the Two 32-E Mixers 
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Bulk Cement Shed, Double Board Wall Paper Lined 


a machine shop, an office and a camp 
for the men. 

The four aggregate bins were so 
spaced that by shifting the material 
cars for three car lengths, 18 cars of 
material could be unloaded, an ar- 
rangement which made a 21-car siding 
adequate for the sand and stone cars. 
An additional length of 4 cars was 
needed at the cement bin. 


Two locomotive cranes with 45-ft. 
booms and %-yd. buckets unloaded the 
materials and either stock piled them 
or lifted them to the bins. One crane 
kept the bins filled when no more than 
2,000 yd. of pavement was laid in a day 
but for longer production both cranes 
were required. 


Handling Bulk Cement.—The build- 
ing constructed to hold bulk cement was 
set on wood piles to secure the neces- 
sary headroom for industrial trains to 
pass beneath. It had a flat floor in 
which short vertical chutes. were set to 
carry cement to weighing hoppers. The 
sides of the bin were of two thick- 
nesses of 1l-in. boards with a layer of 
building paper between them. Sides 
and ends were kept from bulging by 
%-in. tie rods which extended across 
the bin. 

Cement was shipped in grain cars. 
Sometimes these cars were lined with 
building paper but no trouble was ex- 
perienced on that account. The cement 
was pulled from cars to an elevator pit 
by a hoisting engine and a number two 
slip scraper. A bucket elevator, pow- 
ered with a small engine, lifted the ce- 
ment from the pit to a 14-in. conveyor 
screw at the top of the cement house. 
The screw was 60 ft. long, running the 
whole length of the cement house, and 
turned in a round metal chute which 
had gates at 12-ft. intervals. The 
gates could be opened to dump cement 
wherever it was needed. When the 
plant was running the gates were left 
open over the weighing hoppers. As 
the bottom of the cement bin was flat 


the last two cars in storage would not 
run down the chutes by gravity but had 
to be shoveled or wheeled to the cen- 
ter of the bin. 

Cement for each batch was weighed 
by two scales, each connected to a con- 
ical metal hopper into which cement 
ran by gravity when a sliding gate 
valve was opened. The weight of ce- 
ment in the hopper was read directly 
from the dial without any shifting of 
weights. 

When the eight sacks of cement re- 
quired per batch were to be weighed 
the gate closing the chute was opened 
and cement was allowed to run into the 
hopper until the scale indicated the 
proper weight. As the correct weight 
was approached the valve was closed 
slightly so that too much cement would 
not run out. Considerable difficulty 
was experienced with this part of the 
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operation as the cement did not flow 
readily from the chute. Sometimes it 
would not flow at all, then when the 
gate was jarred, dropped down in such 
a quantity that the correct weight was 
exceeded. When that occurred the 
weigher mentally subtracted the cor- 
rect weight from the weight actually 
shown to get the pounds excess, then 
when the cement was dropped to the 
batch boxes of the industrial train 
closed the discharge valve so that the 
excess was held in the weighing hopper. 
Some device which will insure the even 
flow of cement from the chute is 
needed to make this method of weigh- 
ing satisfactory, for an excess of many 
pounds of cement got into nearly every 
batch. 


Bulk cement cost 15 cents a barrel 
less than sacked cement. It required 
only 9 men and a little machinery to 
handle the same amount of cement 
which would take 16 men if the cement 
were in sacks. In addition there was a 
considerable saving in sack loss, freight 
on returned sacks and the cost of clean- 
ing and handling empty sacks. In spite 
of that, however, the use of bulk ce- 
ment was finally abandoned because of 
weighing difficulties and the trouble ex- 
perienced at the mixer when cement 
and saturated sand were hauled in the 
same batch box. 


It required from 11 to 20 minutes to 
load a 15 car train, the average being 
15 minutes. The plant could turn out 
a loaded 15 car train every 20 minutes, 
which allowed 5 minutes for switching. 
When only one train of empties was 
in the yard the train was split and 
each of the two switch engines took 
a section under the loading bins. 


Use of Calcium Chloride in Mix.— 
The calcium chloride used for curing 
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Scales for Weighing Bulk Cement 
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was put into.the mixer drum in solu- 
tion. There is a high platform on.the 
rear end of the mixer and there the 
solution was made up in four barrels; 
two for each mixer. A 100-lb. sack of 
calcium chloride flakes and 25 gal. of 
water were put into a barrel and stirred 
until the flakes dissolved. Solution was 
being used from one barrel while the 
flakes were dissolving in the other. A 
measuring tank with a three-way valve 
was: connected to each barrel and to the 
mixer drum. The tank held 4.8 gal. and 
a tankful of the solution was put into 
the mixer for each 8-sack batch. As 
25 gal. of water and 100 lb. of calcium 
chloride make 30 gal. of solution, the 
addition of 4.8 gal. of solution to a 
batch of concrete added 2 per cent of 
calcium chloride by weight of the 
cement. 

The surface of the slab was kept wet 
the first 24 hours by burlap strips laid 
on the pavement as soon as it would 
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In placing the concrete it was seldom 
necessary to shift the mixer booms, 
which normally pointed straight back, 
so that the batch was dumped about 
half way between the center line and 
the forms. A Lakewood screed, which 
is a finishing machine without the 
tamping template, struck off the con- 
crete which was further finished with 
a transverse board float, a heavy longi- 
tudinal float, and a one-man belt. 

The Crew.—The crew required at the 
mixer was as follows: 1 foreman, 2 
mixermen, 6 finishers, 8 puddlers, 2 on 
calcium chloride, 2 keeping mixer hop- 
pers clean, 2 placing and sprinkling 
burlap, and 2 handy men. 

Some Paving Records.—The max- 
imum amount of 18 ft. 8-7-8 pavement 
laid in a ten-hour shift was 1,695 lin. 
ft. or 3,390 sq. yd.; the average was 
1,050 lin. ft. per single shift. For the 
double shift the maximum was 2,440 
lin. ft. and the average 1,600 lin. ft. 


————————— 

















Longitudinal Float 


bear their weight and sprinkled fre- 
quently. 


The contractor preferred the calcium 
chloride admixture to earth curing. The 
pavement was opened to traffic earlier 
because of this method of curing. 


Lighting for Night Work.—To get 
full value, the expensive equipment was 
kept busy 20 hours a day by working 
two full crews 10 hours each. Any 
needed repairs were made in the other 
four hours. 


Both the plant and the work at the 
mixer were lighted by electricity fur- 
nished by a 1500 Watt light plant set 
on the back of the crane, inside the 
cab. At the mixer there were six flood 
lights, one on the end of each mixer 
boom, one on the crane boom and three 
300-Watt lights for the finishers. The 
latter illuminated operations for a dis- 
tance of 200 ft. behind the mixer. As 
a rule more concrete was laid by the 
night shift than by the day shift be- 
cause of the cooler temperature and 
lack of outside distractions. 





with Long Handles 


For the last consecutive five days on 
which the mixer operated 7,229 lin. ft. 
were laid in 43 hours. 





Transcontinental Highways.—The im- 
provement of several transcontinental 
routes is approaching completion. 
There is now a route extending from 
Washington through St. Louis, Texar- 
kana and El Paso to San Diego which 
was 97 per cent improved on June 30, 
1926. The route from Atlantic City, 
N. J., to Astoria, Ore., is seven-eighths 
improved and from Boston to Seattle 
through the northern tier of states is 
73 per cent improved and 69 per cent 
surfaced. 





7,000 Miles of Highway Built in Past 
Year.—The annual report of the Do- 
minion Commissioner of Highways for 
the fiscal year ended March 31, 1926, 
shows that 7,018 miles of highways 
were constructed under the Canada 
Highways Act at a cost of $48,426,713, 
of which the Federal Department paid 
$18,429,107. 
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74 Foot Wide Cement Pave- 
ment at Portland, Ore. 


A reinforced concrete pavement, 4,200 
ft. long and 74 ft. wide was constructed 
last year on Front St., Portland, Ore. 
We are indebted to an article by O. 
Laurgaard, City Engineer, in the No- 
vember Concrete Highway for the fol- 
lowing details: 


The grade over which the pavement 
was laid consisted of an old city dump 
along the river front, in places from 5 
to 25 ft. higher than the original ground 
surface. 


After the replacement of drainage fa- 
cilities and underground utilities, and 
the relocation of railroad tracks to one 
side with spurs at needed points, the 
concrete was laid in strips to allow con- 
tinuous operation for all traffic. 


The pavement was designed for the 
heaviest trucking. Specifications were 
drawn for a reinforced concrete slab 
with a minimum thickness of 10 in. The 
old pavement was removed only in 
places where it was within 12 in. of 
the new grade. Placing the new con- 
crete over the old pavement made the 
new concrete slab 14 in. thick at these 
points. 


The concrete pavement was 1:2:3 mix 
reinforcement placed approximately 2 
in. from the bottom of the slab. The 
center strips were 16 ft. wide, creating 
two longitudinal joints. Transverse 
joints with %-in. premoulded filler were 
placed at 20-ft. intervals. To equalize 
the pressure and to assist the 20-ft. 
slabs to act as beams, concrete sills 
which measured 18 in. wide and approx- 
imately 1 ft. thick were placed under 
both transverse and longitudinal expan- 
sion joints. A 6-in. valley gutter was 
made along the single track which was 
included in the street. Both sides of 
the pavement have inverted curbs re- 
inforced with two %-in. deformed bars. 


The track construction consisted of an 
18-in. crushed rock ballast under the 
ties with deep curbs separating the 
track from the pavement. The ties 
were laid in ballast. Where spur tracks 
cross the pavement the plank surfacing 
was covered with steel plates fastened 
by lag screws. 


This entire construction was com- 
pleted early in 1925 by the Parker- 
Schram Co., contractors, under the de- 
sign and supervision of the city 
engineer. 





New York City’s Snow Removal Bill. 
—The total expenditure last year by 
New York City for snow removal was 
$6,000,000. The total expenditure in 
Manhattan, Brooklyn and Bronx was 
$4,500,000, and in Queens and Rich- 
mond, where the work is done under 
the jurisdiction of the Borough Com- 
missioners of Public Works, the total 
expense for last year was $1,500,000. 



















Committee on Economic 
Theory of Highway Im- 
provement 


Chairman, T. R. Agg, Iowa State College 


Tire Wear Investigations at State 
College of Washington.—Following con- 
clusions may be drawn from the data 
now available: 

1. Tire wear increases with the speed 
of the vehicle. 

2. An increase in the rate of wear 
appears to accompany the higher tem- 
peratures. 

3. The rear tires wear more frapidly 
than the front tires. The relative rate 
of wear on the rear tire ranges from 
119 per cent to 200 per cent of that on 
the front tires and averages about 150 
per cent. 

4. Tire wear is probably consistent 
for any given road surface when the 
size of tire, the load hauled and the 
inflation pressure on the tires are meas- 
ured by the same standards. ° 

The economic significance of the re- 
sults are shown in Table I. 


Latest Developments in Highway Research 


Summaries of the Reports* of Committees Presented at the Recent An- 
nual Meeting of the Highway Research Board 





minations made by deceleration method 
to calculate air resistance. 

3. Effect of Grade on Fuel Consump- 
tion.—Additional data since report at 
Fourth Annual Meeting is being pre- 
sented. 

4. Coefficient of Friction Between 
Tires and Road Surfaces.—Includes first 
comprehensive measurements of force 
required to cause side skidding. Coef- 
ficient of friction between pneumatic 
tires and clean and dry road surfaces 
lies between 0.625 and 0.925, on road 
surfaces.coated with snow or ice or with 
oily slime or with mud, as low as 0.25 
for wet surfaces and 0.15 for icy sur- 
faces that are thawing a little. 


Committee on Structural 
Design of Roads 


Chairman, A. T. Goldbeck, National Crushed 
Stone Association 


Subgrade Investigations. — Vertical 
displacement of pavements up to 0.265 
feet occurred in Ohio in 1925-1926. 

The slaking test promises to be of 
considerable assistance for determining 





Table I 
Annual Annual Tire 
tire cost Cost of cost per operating 

Computed per car tires per mile of cost 
Road surface Index tire for 6,000 vehicle road per capital 
No. mileage miles per mile 100 cars ized at 

year per day 5% 
Concrete, average .. 1.0 $22,750 $ 31.65 $0.00533 $ 190 $ 3,800 
Bitulithic = . 0.95 24,000 30.10 -00502 180 3,600 
Brick, average of all................. 1.4 16,250 44.30 .00738 266 5,300 
Macadam, best ................ 1.9 12,000 60.10 .01002 361 7,200 
Gravel, typical Iowa. 2.0 11,375 63.30 -01055 380 7,600 
Bituminous, macadam, best 2.3 10,000 72.80 .01213 437 8,700 
Macadam, average ............ 4.4 5,175 139.40 .02323 836 16,700 
Gravel, uncrushed chert.... 5.0 4,550 158.25 .02637 950 19,000 
Bituminous macadam, poor. 9.6 2,375 302.00 -05033 1,728 34,600 
Macadam, loose .............. 11.0 2,050 316.00 -05267 2,090 41,800 


Investigations of Rolling Resistance 
and Power Consumption of Motor Ve- 
hicles at North Carolina State College. 
—A special report on these investiga- 
tions is presented at the meeting. 

Investigations and Wind Resistance 
at Kansas State Agricultural College. 
—Since report at Fifth Annual Meet- 
ing, this project has been operated to 
clear up doubtful points. A complete 
report is now being published. 

Economic Studies at Iowa State Col- 
lege.—These include: 

1. Rolling Resistance.—Roughness of 
road surface increases rolling resistance 
at lower speeds, at very high speeds 
it is lower on rough roads than on 
smooth. 

2. Air Resistance.—Data from Kan- 
sas tunnel experiments may be applied 
directly to tractive resistance deter- 


*The complete reports will be printed in the 
Proceedings of the Meeting, which will be ob- 
tainable about April 15, 1927, from the Highway 
Research Board, Washington, D. C. 











when and how to protect pavement 
shoulders. 

Moisture content in heavy clay soils 
at depths of 6 in. to 2 ft. is not largely 
affected by long or heavy rains but is 
increased by snow blanket. Average an- 
nual moisture at these depths is slightly 
less than moisture equivalent. 

Porous sub-base tests in Ohio show 
1.29 ft. of crack for each lineal foot of 
concrete road on the natural soil and 
from 0.45 to 0.74 ft. on various porous 
sub-bases after two years of service. 

Field Subgrade Studies.—A method is 
proposed for correlating pavement con- 
dition with subgrade characteristics. 

Settlement of Fills on Peat Marshes. 
—Settlement can be estimated from 
soundings giving depth of peat and 
lacustrine clay. To save earthwork, 
narrow fills should be forced into the 
peat to as great a depth as possible to 
compress peat on both sides before em- 
bankment is completed. 

Top-soil Road Investigations.—A re- 





view of studies of 29 Georgia Federal 
Aid projects is presented. 

Impact Studies——In impact due to 
motor trucks that from unsprung 
weight is generally greatest. Tire 
equipment which permits of longer time 
reactions causes lower forces. Increase 
in wheel load, speed and road rough- 
ness causes larger reactions. Six-wheel 
truck reactions approximate one-half 
those of four-wheel trucks. 

Paving Brick Studies.—Properly sup- 
ported paving brick 2% in. thick are 
satisfactory for heavy traffic and brick 
2 in. thick are adequate for lighter 
traffic. Thin sand bedding course not 
over % in. thick gives best results and 
is preferable to cement-sand bedding 
course. 

Bituminous Macadam Road Design. 
—Fundamental precautions for success- 
ful bituminous macadam pavement de- 
sign and construction are discussed in 
the light of field observation. 

Concrete Pavement Design.—1. Cur- 
ing Tests for Concrete.—It is indicated 
that the most important requisjte for 
satisfactory curing is to protect the con- 
crete from drying out during the first 
24 hours after placing. 

2. Planes of Weakness.—Indications 
are that planes of weakness are an eco- 
nomical and satisfactory method of 
localizing and controlling transverse 
and longitudinal cracks in concrete 
pavements. 

3. Analysis of Effect of Natural 
Forces on Concrete Pavements.—Stress- 
es in concrete pavements due to causes 
other than loads have been investiga- 
ted. These include curling due to 
change of temperature, and the blowup 
due to lack of provision for expansion. 

4. Reinforcement.—One of the effects 
of reinforcement of the mesh type is 
to add approximately 10 per cent to the 
extensibility of the concrete, both in 
ordinary static loading and in fatigue 
loading based on eye visible first crack. 
When based on first microscopic fissure, 
the increase is about 3 per cent. 


Committee on Character and 


Use of Road Materials 


Chairman, H. S. Mattimore, Pennsylvania State 
Highway Department 


Review of Alkali Action on Portland 
Cement Concrete, Cause and Prevention. 
—Investigations to date indicate that 
carefully made, well cured concrete, rich 
in cement and of. high unit strength 
and low permeability best resists at- 
tack. Admixtures, as a rule, have not 
proven beneficial. Surface coatings ap- 
parently have some possibilities. A con- 
siderable difference in resistance among 
Portland cements has been noted. 
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Concrete and Concrete Aggregates. 
—Several laboratories are using the re- 
peated freezing and thawing tests, and 
two are studying other types of accel- 
erated tests for aggregates. 

Attention is called to the rapid 
growth in the use of the crossbending 
test as a method of field control over 
the transverse strength of concrete for 
road construction. The desirability of 
ascertaining the effect of shape and sur- 
face condition of the constituent aggre- 
gate particles on the strength of con- 
crete seems a very important problem 
to the committee. 

Field Control of Concrete Making.— 
The field practices of several organiza- 
tions in charge of concrete work of 
great magnitude take. full cognizance 
of the effects of the “water-cement 
ratio” upon the strength of concrete, 
and of the size and grading of particles 
upon economical design. The advan- 
tages of measuring granular materials 
by weight are becoming extensively rec- 
ognized, and the “Inundation” method 
for measuring sand is being used. The 
methods employed by several large or- 
ganizations are reviewed in this report. 

Bituminous Paving Mixtures.—At- 
tention is still largely focused upon the 
development of a test for stability, al- 
though the ultimate object is the formu- 
lation of a rational theory of design. 
Effects upon stability of such factors as 
type and fineness of several fillers, and 
the per cent and consistency of bitumen 
have been studied in the laboratory. 
The significance of voidage of aggre- 
gates has received attention, and the 
definition of a reliable test for voids is 
the object of research under way by 
several organizations. 

Materials for Surface Treatment.— 
Keen interest is being evinced in ma- 
terials involved in the surface treatment 
of gravel and earth type roads. Cor- 
related service and laboratory tests are 
being conducted in several states with 
bitumens of widely different character- 
istics employed under conditions of the 
greatest dissimilarity. 

Subgrade Materials and Tests.—It is 
agreed that the clay content is one of 
the major factors affecting the stability 
of subgrade soils. Admixtures of dif- 
ferent kinds of materials have been 
used to stabilize clay soils. Reports on 
these experiments indicate that finely 
ground materials, such as hydrated 
lime and Portland cement, are not as 
efficient for this purpose as coarser 
granular material of the character of 
sand and stone screenings. There is 
urgent need for a uniform classification 
of subgrade soils and adoption of stand- 
ard methods for laboratory and field 
tests. 


Committee on Highway 


Traffic Analysis 


G. E. Hamlin, Connecticut State 
Highway Commission 


Planning for Arterial Highways Out- 
side of Congested Areas, Including Belt 
Lines for Detouring Large Centers.— 


Chairman, 
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A uniform width highway is neither 
necessary nor desirable unless the dis- 
tance between points of congestion is 
comparatively small. Provision for 
widening the principal arterial high- 
ways is not alone sufficient. Further 
relief must be afforded by belt lines. 


Use of Highways for Interstate 
Travel.—Analysis of foreign car traffic 
shows that a large part of interstate 
travel is in the border counties and is, 
strictly speaking, local traffic. As a 
measure of long distance interstate 
travel, the important figures are the 
percentages determined for interior 
counties. 

Carrying Capacity of Highways as 
Affected by Width of Surface and Re- 
strictions of Use—An_ unrestricted 
speed limit may be considered in the 
near future an argument to decrease 
traffic congestion. The State highway 
department responsible for the State 
highway system should be responsible 
for the control over State highway traf- 
fic and enforcement of State highway 
traffic regulations. 

The committee recommends that 
highways be classified in terms of 
weight-carrying capacities. 

The Relation Between Volume of Traf- 
fic and Population and the Relation Be- 
tween Volume of Traffic and Industries 
Served.—It is believed that the influence 
of industrial developments will continue 
to affect the ratio of traffic to registra- 
tion, and that the ratio of population 
to registration, at the so-called satura- 
tion point, will reflect the density of 
population. 

The Large Vehicle and the Heavy 
Wheel Load Including the Semi-Trailer 
and the Six-Wheel Bus.—Long hauls by 
trucks are very rare and represent a 
very small part of total truck move- 
ment. Obviously the extra expense en- 
tailed in building the pavement ade- 
quate for the larger trucks cannot be 
justified. 


Classification of Highways in Refer- 
ence to Right-of-Way as Functions of 
Traffic Volume and Kind.—Traffic vol- 
ume is largely a function of population 
density, so that there will be different 
traffic divisions on the same route. The 
estimated future traffic is the important 
consideration. Provision should be made 
for acquiring additional right-of-way 
widths before property increases so 
largely in value as to add unduly to the 
cost of future improvement. 


Selection of Type by Traffic—The 
traffic volume has a determining influ- 
ence in the selection of the general class 
of pavement, and the economic factors 
determine largely the choice of type 
within the groups. 

Planning the Improvement of State 
Highway Systems.—The various sec- 
tions of a highway system selected for 
improvement and the types of improve- 
ment selected for construction on each 
section of a highway system should be 
based upon present and expected future 
traffic demands. The budget system 
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should be followed in planning expendi- 
ture of highway funds. 


The principal function of a highway 
transportation survey in planning a 
program of highway improvement: 

1. To measure present and predict the 
future volume and character of traffic 
on State systems. 

2. To determine the relationship be- 
tween population and demands for 
highway service. 

3. To clasify highway routes or sec- 
tions of routes. 


Committee on Highway 
Finance 


Chairman, H. R. Trumbower, University of 
n 


Receipts from Motor Vehicle Regis 
tration Fees.—The 1925 data and re- 
ports show that in 34 States the collec- 
tion. and administrative expenses 
amounted to 5.6 per cent of the amount 
of fees received. These expenses aver- 
aged 70.4 ct. per motor vehicle regis- 
tered. After deducting these reported 
collection costs it is found that 71.5 
per cent of net license fee receipts is 
devoted to the construction and main- 
tenance of the State highway systems, 
and 19.5 per cent to the construction 
and maintenance of local roads; 7.7 per 
cent is used to meet interest and prin- 
cipal payments on State and local high- 
way bonds; the remainder is used for 
various purposes. The report contains 
the statutory provisions relating to the 
division and disposition of these fees by 
each of the States. The motor vehicle 
license fees furnished over one quarter 
of the funds expended by State commis- 
sions for highway purposes. 


Receipts from the Gasoline Tax.— 
28 States reporting on refunds of taxes 
paid on the sales of gasoline used for 
other than for highway purposes show 
4.1 per cent of the gross amount col- 
lected was disposed of in this manner. 
The collection costs amounted to $2.64 
per thousand dollars collected. This 
cost may be compared with the cost to 
the Federal Government of $22.50 per 
thousand for the collection of customs 
duties, and $12.10 per thousand for col- 
lecting internal revenues. Sixty-seven 
per cent of the net collections was de- 
voted to the construction and main- 
tenance of State highway systems; 22 
per cent was diverted to local high- 
way use; and 4 per cent used to meet 
highway bond requirements. LEighty- 
nine per cent of the gasoline tax money 
and 91 per cent of the license fees was 
used for the construction and main- 
tenance of highways, State and local. 
The gasoline tax furnished substantially 
12 per cent of the funds used for high- 
way purposes by the State commisisons. 
For local road improvements the gaso- 
line tax contributed about 4 per cent of 
the total costs, whereas the local share 
of the license fees constituted some- 
what over 8 per cent of the local ex- 
penditures. The method of gasoline 
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tax revenues followed by each of the 
States is also set forth in the report. 

The total disbursements for rural 
highway purposes in 1925 by both 
State and local authorities was $1,288,- 
000,000; the total license fees and gaso- 
line taxes was $407,000,000, or about 32 
per cent. It is estimated that for 1926 
the motor vehicle revenues will be close 
to $500,000,000. In 1921 the total mo- 
tor vehicle revenues amounted to only 
$128,000,000, and the total highway ex- 
penditures were approximately a billion 
dollars. Since then the motor vehicle 
revenues increased about 220 per cent; 
the highway expenditures approximate- 
ly 28 per cent. The motor vehicle reg- 
istrations increased during this period 
99 per cent. 


Committee on Maintenance 


of Roads 


Chairman, W. H. Root, Iowa State Highway 
Com mission 





Maintenance of Concrete Pavements. 
—So far as practicable, repairs should 
be made with quick setting cement con- 
crete. This involves a rich mixture, 
the use of a minimum amount of water, 
thorough mixing, the admixing of cal- 
cium chloride and the making of repairs 
in warm weather. If cement concrete 
is impracticable, bituminous materials 
may be used. The cause of failure 
should be ascertained and removed be- 
fore repairs are completed. Construc- 
tion inequalities in the surface should 
be removed at once to insure a good 
riding surface. 

Snow Removal and Snow Equipment. 
—During the winter of 1925-26, 93,000 
miles of highways in the United States 
were kept clear of snow at a cost of 
$3,757,660. This is an increase in miles 
cleared of 50 per cent over the pre- 
ceding winter. Snow fences are em- 
ployed in all sections where drifts are 
encountered and are reported effective. 
Straight blade and “V”-type truck 
plows are favored for “keeping the 
roads clear of snow.” Heavy tractor 
plows are used in “opening roads” and 
for widening snow cuts. Relative costs 
of snow removal have been studied, but 
due to varying conditions reliable data 
cannot be reported. 


Coverings for Poorly Constructed and 
Disintegrated Concrete Roads.—In gen- 
eral the demand for a new surface is 
not because the sustaining power of the 
old slab is insufficient, but because the 
old surface is so rough as to make it 
uncomfortable to ride over. One of the 
most difficult problems to solve in a 
resurfacing job is to fill low places so 
as to produce a uniform cross-section 
true to profile before the new surface 
is put on. Bituminous types may be 
used with success if the base is prop- 
erly evened up before the top is applied. 
Ohio has resurfaced with 4 in. and 5 in. 
concrete slabs with satisfaction. In- 
diana is just starting an interesting 
experiment near Indianapolis, where 
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seven different types of surfaces are 
being tried. 

Determination of Annual Reduction 
in Thickness of Gravel Roads under 
Different Traffic and the Effect of Dust 
Palliatives—A study of 236 miles of 
untreated gravel road over a period of 
three years in Indiana, indicates that 
with their material and under their 
traffic the annual wear resulting from 
an average traffic of one vehicle per 
day is 0.289 cu. yd. 





Largest Highway Lighting In- 


stallation Completed 

The placing of 250 General Electric 
novalux highway lighting units on the 
15 miles of road leading from South 
Jacksonville, Fla., to Pablo Beach, com- 
pletes what is stated to be the largest 
installation of highway lighting in the 
country. The lights are spaced 300 ft. 
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Southwest Road Show and 
School 


It is planned to make the second an- 
nual Southwest road show and school 
which will be held in the Exposition 
Building at Wichita, Kan., Feb. 22nd 
to 25th, much more extensive and com- 
plete than that of the first exposition. 
The success of this show and school last 
year has caused an earlier interest in 
all departments. Exhibit space is rap- 
idly being reserved for machinery, 
equipment and material displays. 


The program and exhibits of the 
school section will be in charge of the 
Kansas Highway Commission and the 
Engineering Department of the Kansas 
State Agricultural College. Arrange- 
ments have already been made with 
several prominent engineers and au- 








Highway Lighting Installation on South Jacksonville-Pablo Beach Road 


apart on a pole line set for the purpose 
and are on one side of the highway 
only. They operate 250-candlepower 
lamps and are 30 ft. above the surface 
of the highway. The equipment also 
includes a 50 kw. Type RV transformer. 
As this is the main thoroughfare 
leading from South Jacksonville to the 
beach the traffic during the summer is 
very heavy. Until recently the brick 
highway was too narrow for the amount 
of traffic it carried, and there was no 
lighting equipment. It is now a double 
concrete highway, and since the lighting 
units have been installed there has been 
a noticeable decrease in the number of 
accidents which have occurred there. 





A $1,100,000 Highway Letting in 
Massachusetts.—What is probably the 
largest single highway letting ever 
held by the Massachusetts Highway 
Commission took place Dec. 14. Bids 
were opened at that time for $1,130,000 
worth of work. 


thorities on highway subjects to take 
a part in the program. 


It is expected that the highway ,com- 
missions of the states comprising the 
southwest section will co-operate this 
year with more extensive exhibits of 
their activities and proposed highway 
programs for the current and ensuing 
years. 


The Bureau of Public Roads will pre- 
sent an entirely new display from that 
shown last year. 


Problems and solutions relating to 
all phases of highway administration, 
economics, construction and mainte- 
nance, shown in a graphical and in- 
structive manner, will constitute a part 
of this display. 


F. G. Wieland, Exposition Building, 
Water and Williams Sts., Wichita, Kan., 
is general manager of the Southwest 
road and show school. 
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As we increase our mileage of hard 
surfaced main highways, the poor con- 
dition of the secondary and tributary 
roads and streets becomes increasingly 
more apparent. Funds available do not 
permit reconstruction of all secondary 
roads but utilization of maintenance 
funds for improving them is possible. 


Aside from the rebuilding or strength- 
ening of local areas greater main- 
tenance activity, particularly of sur- 
faces, will occur. For the vast ma- 
jority of surfaces to be maintained 
applications of road oils or surfacing 
materials with accompanying stone, 
slag or sand for covering material will 
suffice. Customarily, such _ surface 
treatment as is accomplished, is done at 
one time during the season, be it early 
or late, and frequently when improper 
preparation of the surface to be 
treated has been made. 


Continuity of Oil Supply Important. 
—The complete cycle of maintenance 
of any road or street system involves 
the preparation of the road surface, 
application of oil and cover material 
under suitable weather conditions and 
systematic attention until the surface 
attains the desired smoothness or 
depth. Four major conditions have a 
controlling influence on the continuity 
of the work, weather, labor supply, 
availability of cover material and con- 
tinuity of oil supply. Ordinarily the 
first three items are local problems 
while the fourth—the oil supply—re- 
quires the receipt of definite quantities 
of oil from more or less distant ter- 
minals at irregular intervals. The 
most economical means of obtaining 
liquid surfacing materials is by pur- 
chase in bulk in full tank car lots. 
Railroad regulations allow 48 hours 
free time for unloading these cars after 
which demurrage ensues at the rate of 
$2 per day for the first four days and 
$5 per day thereafter. Where the labor 
supply is variable and weather condi- 
tions unsuitable, delays are caused in 
the application of the oil which will in 
many cases make the demurrage ex- 
pense mount until it becomes an ap- 
preciable percent of the cost of the oil 
and application. In addition car rental 
to the supplying company for use of 
cars for temporary storage after the 
free time will increase the expenses of 
delays. 


The expense caused by demurrage 
and car rental or service is small, how- 
ever, when compared with that due to 
time wasted on the road. When oil 
runs short, the distributor and the gang 
stand idle and expense piles up. Many 


Storage Plants for Road Oils 


Typical Installations for Large and Small Political Units 


By F. H. GILPIN 
Engineer The Texas Co. 


times the trucks and oiling equipment 
are rented and may have to be re- 
turned before the work is finished. By 
having oil in storage at a central point, 
delays such as these can be avoided 
and the oiling and covering gangs kept 
busy. Again, when equipment for ap- 
plying must be hired, advantage can 
be taken of idle days in other com- 
munities for handling small stretches 
of road. Storage of proper capacity 
kept well filled will at all times greatly 
increase the smoothness of operation, 
and permit proper maintenance of 
small or isolated sections when neces- 
sary, instead of delaying until sufficient 
work accrues to warrant the purchase 
of a full tank car. 


Several typical installations for large 


tion was about $400 and it handles from 
3 to 6 cars of oil per year. 


A More Efficient Installation.—A 
slightly more _ pretentious installa- 
tion though of no greater capacity is 
that of the Village of Rockville Center, 
L. I. Here a population of 10,000 with 
50 miles of streets requires a slightly 
more efficient installation. The entire 
shell and underframe of the 18-line 
steam coil 8,000 gal. car was removed 
from its trucks and the end cradles lo- 
cated on separate concrete piers, so 
as to bring the center line of the shell 
about 6 ft. above the ground. As there 
was no available location alongside a 
railroad spur it was necessary to set 
up the tank about 100 ft. from the rail- 
road track, in the street department 

















Fig. 1—Storage Tank and Pump House, Sag Harbor, L. L 


and small political units may be of in- 
terest and are described briefly below: 


A Simple Type of Oil Storage.—The 
Village of Sag Harbor, Long Island, 
once a whaling port, now a community 
of about 3,500 inhabitants, has about 20 
miles of sand loam streets to maintain 
by surface treatment, using a slow cur- 
ing oil that can be applied cold. They 
have installed one of the simplest forms 
of oil storage—a dismantled tank car 
shell half buried in the ground close by 
a railroad spur track. The tank is of 
8,000 gal. capacity and has no steam 
coils or connections of any kind. Load- 
ing and unloading are accomplished 
through the dome by 4 in. flexible hose 
connection. In a shed close by the tank 
is located a Gould gasoline pump so 
connected up as to permit pumping 
from car to tank or from tank to dis- 
tributor. The entire cost of installa- 


yard alongside the electric plant. A 2- 
in. underground unloading line was in- 
stalled between outlet chamber of stor- 
age tank and the railroad spur. One- 
half inch steam and compressed air 
lines were run from the power plant to 
both storage tank and railroad spur. A 
separate 2-in. line from bottom of stor- 
age tank (shown on left end of tank in 
Fig. 2) permits loading of distributor 
by air pressure. Oil is received in cars 
with steam coils, and steam connection 
is fitted up. When oil is warmed air 
pressure is admitted to dome. With 
about 10 Ib. air pressure cars are 
almost invariably released the day after 
their receipt. To load the distributor 
air pressure is admitted to the dome of 
storage tank. The total cost of the 
installation was about $650 and during 
its first season’s operation there ac- 
crued no charge for car detention with 
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Fig. 2—Storage Tank and Distributor, Rockville Center, L. I. 


no delays for street forces on approx- 
imately 100,000 gal. of oil. 


‘How Bronx Borough, New York, 
Stores Its Oil.—A still more pretentious 
installation for surface treating ma- 
terials is that of the Borough of the 
Bronx in New York City. The tanks 
used for storage are four in number 
and are located at 202nd St. and 
Webster Ave. on the New York Central 
Railroad, Harlem branch, at Ford- 
ham station. When this storage 
station was built in 1912 the loca- 
tion was ideal as it was a central point 
of an average haul for surface treat- 
ment work within a radius of 4 miles. 
Since the center of population has 
moved north in recent years this con- 
dition no longer exists and this station 
is used less each year for storage pur- 
poses. 


These tanks are four old 6,000-gal. 
tank cars, with the trucks removed, 
mounted on a timber trestle at such an 
elevation that they may be loaded by 
gravity from tank cars on a coal 
trestle running parallel about 60 ft. 
from tanks. The tanks themselves are 


at such.an elevation that tank wagons 
can be loaded from them by gravity. 
The unloading line is a 4-in. pipe 
from the coal trestle and runs along 
the top of the banks. From the un- 
loading line opposite each tank a 4-in. 
line, which is fitted with a valve, runs 
down to the center of the tank, so 
that any one tank may be loaded. Also 
on the unloading line between the two 


middle tanks a valve is situated so that. 


either of the two end tanks may be 
operated as a unit. Two of the tanks 
are equipped with 8-line coils, for heat- 
ing heavier liquid asphalt, a portable 
steam boiler being used for supplying 
this heat. 

The total cost of the entire storage 
plant in place complete was $1,770. 
The four 6,000 gal. tank cars were pur- 
chased on tracks at 202nd St., New 
York Central Railroad, at $950. The 
cost of wood trestles on concrete 
foundations, with piping, also placing 
tanks in position and _ painting 
amounted to $820. 

While this layout is for a large mu- 
nicipality it is an ideal layout for a 
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Fig. 3—Storage Tanks and Connections, Bronx Borough, New York City 
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small community having many miles of 
surface treatment roads. 


Advantages of Storage Tanks.—A 
number of advantages occur from the 
erection of a storage tank, such as 
the removing of all incentive to apply 
oil when climatic conditions or the con- 
dition of the road surface are not fa- 
vorable. The main reason, however, 
for investing in equipment is that it is 
highly profitable, and will earn a re- 
turn on the investment. Also in mu- 
nicipalities using a large quantity of 
oil, and which are equipped with stor- 
age tanks, quotations on oil are made 
that net a saving of 2 or 3 mills per 
gallon. Another reason for storage 
tanks is that a supply is always avail- 
able and equipment and labor is not 
tied up awaiting arrival of tank cars. 


The Right of Way Man 


Many state highway departments are 
finding that the securing of adequate 
right of way, particularly for the re- 
construction of state highways, is be- 
coming a problem of increasingly 
greater magnitude. R. M. Morton, state 
highway engineer of California, in a 
recent issue of California Highways, 
comments on the matter as follows: 


Most of the divisions of the Califor- 
nia Highway Department have been 
compelled to assign a member of the 
staff to the sole task of interviewing 
property owners, securing deeds, and 
straightening out right of way tangles. 


The designation of a division right of 
way man requires exercise of careful 
judgment by the division engineer. Se- 
curing results is one part of the job; 
getting along with individual property 
owners, so as to keep their respect for 
the commission, is another very im- 
portant part; together, they are a man- 
sized assignment for any one. 


The engineer, or whoever undertakes 
the work, should have a_ thorough 
knowledge of the engineering necessity 
for the property sought; he should 
know local property values; he should 
be able to discuss convincingly ‘the ben- 
efit which construction of the highway 
will bring; and he should know how to 
tactfully approach the property owner. 


Although the right of way man has 
back of him the constitutionally grant- 
ed right of eminent domain, he should 
never threaten. If deeds can not be 
obtained after every other reasonable 
means has been used, the procedure 
of condemnation which the state is thus 
forced to follow should be explained, 
but not used as a threat. The right of 
individual ownership of private prop- 
erty is one of our most sacred legal 
institutions. Right of way agents and 
engineers must always be sure they are 
acting according to law, when property 
rights are involved. 


He who fills a public position is the 
servant of the people, not the master. 
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Design of Early Strength Concrete 


Results of Investigation to Determine Whether a Leaner Luminite Mix or Rich Portland Cement 


Concrete Could Be Used 


By HAROLD ALLEN 


Assistant Engineer of Tests for Kansas State Highway Commission 


The problem of repairing a concrete 
pavement which carries heavy traffic 
is always a difficult one to solve. It 
was solved in Wyandotte County, Kan- 
sas, by the use of Lumnite cement con- 
crete. The use of this material made it 
possible to open the repaired sections 
24 hours after the concrete had been 
placed. Since the pavements in the 
neighborhood of Kansas City, Kan., 
carry heavy traffic this was of consid- 
erable importance to the traveling pub- 
lic. The Kansas highway specifications 
call for a 1:2:34% mix for pavement 
concrete in which portland cement is 
used and it was considered necessary 
at first to use this mix. The cost of 
Lumnite cement is high and this made 
the cost of the repairs very high since 
some of them required as much as 40 
cu. yd. of concrete. It was considered 
well worth while to make an investi- 
gation to determine whether or not a 
leaner Lumnite mix or a rich portland 
cement concrete could be used. 

Quantities of the aggregates which 
were being used were brought to the 
laboratory for analysis and the mak- 
ing of concrete specimens. The stone 
was a hard native limestone and the 
sand was a clean siliceous river sand. 
The mechanical analysis of both mate- 
rials is shown in Table I. Concrete 
having a strength of 2,500 lb. per 
square inch at 72 hours was consid- 
ered necessary and in order to meet 
this requirement a concrete which would 
have a 28-day strength of 4,500 Ib. per 
square inch was. designed, using 
Abrams theory. It was found that a 
1:1.07:3 mix by dry and loose volume 
and a water cement ratio of 0.57 would 
give the required strength. Since the 
concrete would have to be placed dry 
it was concluded that such a mix and 
water cement ratio was entirely prac- 
tical. 

The proportions by volume were con- 
verted to proportions by weight and 
the materials for each 6 in. x 12 in. 
cylinder were weighed out. The weight 
of the water required was calculated 
and it was also weighed. LEach speci- 
men was made separately by an experi- 
enced operator and in accordance with 
the A.S.T.M. specifications. 

The yield or barrels of cement per 
cubic yard concrete was determined by 
getting the weight of concrete neces- 
sary to fill a 6 in. x 12 in. cylinder mold 
and calculating the volume of the batch. 
The values obtained by this method 
check very closely with the values 
shown on the-curve by Abrams. 

It was found that the calculated 
amount of water would produce an 





average slump of % in. and that the 
resulting concrete was workable and 
easy to put in the cylinder forms. 

One-half of the specimens were cured 
in the outside air and one-half in lab- 
oratory air for the 72 hours. The max- 
imum and minimum outside tempera- 
tures of the storage period were ob- 
served hourly and the temperatures 
shown in Table II are the averages for 
the curing periods. The minimum tem- 
perature for the Portland cement con- 
crete was 28°F. and the maximum 57°F. 
The temperature remained as low as 
28°F. for slightly less than one hour 
and was above freezing the larger part 
of the time. The maximum tempera- 
ture during the curing period of the 
Lumnite concrete was 45°F. and the 
minimum 30°F. 

Since sufficient aggregates from the 
work were not available for the making 
of the Lumnite concrete, sand and stone 
from the laboratory stock of tested ma- 
terials were used. The sand was of 


.about the same quality as that which 


would be used and the stone was softer 
than the coarse aggregate from the 
work. The sieve analysis and weights 


per cubic foot for these materials are 
shown in Table I. It was considered 
that concrete produced from these ma- 
terials would be slightly inferior in 
strength to that made on the job. 

A 1:3:5 mix by dry and loose volume 
was used in the Lumnite specimens. 
From previous experience with this ce- 
ment, it was assumed that this mix 
would produce a concrete which would 
have a strength of 3,000 lb. per square 
inch when 24 hours old. This assump- 
tion was verified by the results. A wa- 
ter cement ratio of 0.6 was used in 
calculating the amount of water to be 
used in making these specimens and it 
was found that this prodticed a concrete 
which was entirely too dry for any 
practical purpose so the water content 
was increased until a slump of % to % 
in. was obtained. . 

The same procedure for making and 
curing the specimens and getting the 
barrels of cement per cubic yard of con- 
crete were used as with the Portland 
cement concrete. 

One-half of the specimens were 
broken at 24 hours and one-half at four 
days. The strengths at four days were 


Table I—Sieve Analysis and Weight Per Cubic Foot of Aggregate 
Per Cent of Sampie Coarser Than Each Sieve 


Sieve Laboratory Sample Laboratory Sample 
Size Sand Sand Stone Stone 
100 mesh 99 99 100 100 
48 mesh 92 92 100 100 
28 mesh 73 83 100 100 
14 mesh 40 40 100 100 
8 mesh 15 16 97 100 
4 mesh 2 2 95 100 
34 mesh A 0 87 98 
% mesh 0 0 66 84 
144 mesh 0 0 6 17 
F. M. 3.21 8.32 7.51 7.99 
Wt. Cu. Ft. y 
(Dry and Loose) 112 Ibs. 103 Ibs. 81 Ibs 79 Ibs. 
Table II—Strength of Concrete “2 
Barrels of 
Water Cement per Average Strength 
Kind of Cement Cu. Yds. of Curing Lbs. 
Specimen Cement Mix Ratio Concrete Temp. Age Sq. In 
1 Lumnite 1:3:5 0.68 1.18 70°F. 24 hrs. 3,650 
2 Lumnite 1:3:5 0.68 1.18 70°F. 24 hrs. 4,020 
3 Lumnite 1:3:5 0.68 1.15 70°F. 24 hrs. 3,770 
Ave. 0.68 1.17 70°F. 24 hrs. 8,813 
4 Lumnite 1:3:5 0.68 1.17 38°F. 24 hrs. 3,700 
5 Lumnite 1:3:5 0.68 1.11 38°F. 24 hrs. 3,800 
6 Lumnite 1:3:5 0.68 1.17 38°F. 24 hrs. 4,060 
Ave 1.15 38°F. 24 hrs. 8,853 
7 Lumnite 1:3:5 0.68 1.17 70°F. 4 days 4,750 
8 Lumnite 1:3:5 0.68 1.15 70°F. 4 days 5,090 
y Lumnite 1:3:5 0.68 1.15 70°F. 4 days 4,660 
10 Lumnite 1:3:5 0.68 1.17 70°F. 4 days 4,550 
11 Lumnite 1:3:5 0.68 1.17 70°F. 4 days 4,430 
12 Lumnite 1:3:5 0.68 1.15 70°F. 4 days 4,810 
Ave. 0.68 1.16 70°F. 4,715 
13 Portland 1:1.07 :3 0.57 2.11 40°F. 3 days 1,530 
14 Portland 1:1.07 :3 0.57 2.10 40°F. 3 days 1,525 
15 Portland 1:1.07 :3 0.57 2.08 40°F. 3 days 1,290 
Ave. Portland 2.10 40°F. 1,448 
16 Portland 1:1.07:3 0.57 2.08 70°F. 3 days 2,410 
17 Portland 1:1.07:3 0.57 2.07 70°F. 3 days 2,450 
18 Portland 1:1.07 :3 0.57 2.11 70°F. 3 days 2,098 
Ave. 0.57 2.09 70°F. 2,317 
Table IlI—Cost of Concrete 
Kind of Bbls. Required Per Cost Per Cubic Yd. 
Mix Cement Cu. ¥d. of Concrete of Concrete 
1:3:5 Lumnite $11.60 
1:2:3% Lumnite 1.61 16.10 
1:1.07 :3 Portland 2.10 4.20 
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considered as a maximum for the Lum- 
nite cement concrete. 


Table III was made up from cost data 
furnished by the resident engineer. 
Lumnite cement was quoted at $10.00 
per barrel and Portland at $2.00 per 
barrel. The 1.61 bbl. of cement per 
yard of concrete for a 1:2:3% mix 
were taken from Taylor and Thomp- 
son’s table of quantities. A comparison 
of the strength values show that the 
Portland cement concrete cured at 
70°F. was 869 lb. per square inch 
stronger than that cured at 40°F; that 
1:3:5 Lumnite cement concrete cured 
at 38°F was 2,405 lbs. per sq. in. 
stronger than the Portland cured at 
40°F and 1,537 lbs. per sq. in. 
stronger than the Portland cured at 
70°F. That the strength of the Lum- 
nite concrete cured at 70°F. and 38°F. 
was practically the same. The results 
of these tests indicate that the use of 
Lumnite cement concrete on work of 
this kind is entirely justified. This 
type of work is usually done during the 
winter season when the paving gang 
is not busy on larger jobs and the use 
of Lumnite makes it possible to lay 
concrete at much lower temperatures 
than Portland cement concrete would 
require. 

As is shown in Table III the cost of 
Lumnite cement is somewhat higher 
than Portland cement, but the conveni- 
ence to traffic and the use of men and 
equipment which would otherwise be 
idle more than offsets the additional 
cost. 

The use of the proportions usually 
given in highway specifications for 
pavement concrete is not necessary 
since a leaner mix of Lumnite cement 
concrete will give adequate strength. 
In this particular case a concrete hav- 
ing a 24-hour strength of 3,000 lb. per 
square inch was produced using a 1:3:5 
mix while a 28-day strength of 3,000 
lb. was required of a 1:2:3% Portland 
cement mix. The saving to the county 
by the reduction was $4.50 per cubic 
yard of concrete. 


In mild weather and in cases where 
it is convenient to close the pavements 
for 72 hours, the use of a rich Portland 
cement concrete is the most economical 
and will give good results. It should 
not be used unless there is reasonable 
assurance that the temperature will not 
fall below 70°F. A _ saving on the 
Wyandotte county work of $7.40 per 
cubic yard of concrete could have been 
made by the use of 1:1.07:3 Portland 
cement concrete in the place of 1:3:5 
Lumnite if weather conditions had been 
favorable for the placing of the former. 





Over Half Massachusetts Expendi- 
tures for Maintenance and Repairs.— 
During the fiscal year ending Nov. 30, 
1925, the State Division of Highways 
expended. $9,612,699 on highway work. 
Of this sum $4,855,903 was used for 
maintenance and repair of state high- 


ways. 
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Rock Asphalt Construction 
Kinks 


Two interesting features developed in 
connection with the construction of rock 
asphalt surfaces on the -Indiana state 
highway system were outlined as fol- 
lows by A. H. Hinkle, State Superin- 
tendent of Maintenance, at a recent 
meeting of the American Association of 
State Highway Officials: 


The cold weather late in the season 
made it almost impossible to properly 
rake the rock asphalt because of its 
lumpy condition. One of our contrac- 
tors conceived the idea of pulverizing 
the rock asphalt by passing it through 
an old threshing machine. The cylinder 
and concave of this machine were prop- 
erly mounted in a box about 5 ft. high 
and a small engine secured for power. 
The asphalt was shoveled into the ma- 
chine much in the same manner as 
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Quarrying Operations Affect 
Quality of Stone 


The following note is taken from a 
paper by A. H. Hinkle, State Superin- 
tendent of Maintenance of the Indiana 
Highway Department, presented at the 
1926 meeting of the American Associa- 
tion of State Highway Officials: 


“This past year we built a penetra- 
tion macadam road using stone from a 
local quarry. Although tests made by 
our laboratory on the stone indicated 
it was high quality, we were greatly 
embarrassed by finding that the stone 
crushed up badly under the roller. In 
fact, so badly that it was difficult to 
do the necessary rolling before the ap- 
plication of the bituminous material 
necessary to guarantee a good surface. 


“As work progressed it was finally 
observed that stone secured later from 
this quarry offered a much greater re- 











Passing Rock Asphalt Through an Old Threshing Machine 


grain is threshed. This broke up the 
hard lumps into a fine powder after 
which the rock could be readily raked, 
even easier than it could be raked dur- 
ing warm weather. 


A refinement in securing a smooth 
rock asphalt surface was developed by 
dragging of same with a heavy metal 
drag. After the rock asphalt was laid, 
raked and gone over once with the 
roller it was leveled off by pulling this 
heavy metal planer or drag over the 
surface in practically the same manner 
as a gravel road is dragged. This 
planer shaved off the high places and 
deposited the rock asphalt thus cut off, 
into the low places. Where there was 
not sufficient loose material secured by 
the cutting, a few shovels of additional 
asphalt were dropped in front of the 
drag blades from time to time. After 
this dragging was thoroughly done, the 
asphalt was again rolled and an almost 
perfect surface secured. 





sistance under the roller than that at 
first produced. We made as much of a 
study as we could conveniently, as to 
why the difference when the stone was 
apparently just the same and. came 
from the same ledge. It was finally 
concluded that the bad results secured 
at first were likely due to the method 
of quarrying wherein an excess of im- 
proper grade of powder had been used 
in blasting, thus shattering the stone 
which later crushed badly under the 
roller. When careful and normal meth- 
ods of blasting were developed the 
stone began to show improved results. 


“T think, without doubt, our field men 
discovered the cause of the trouble. 
While the effects of improper blasting 
are more or less known among the 
quarrying profession, their study has 
been made more from the point of view 
of output than of the effect on the 
stone. This subject might be a fruitful 
one for some research work on the part 
of stone producers.” 
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The Surface Treatment of Gravel, Sand-Clay 
and Earth Roads 


Experiences in North Carolina Described in Paper Presented Nov. 11 at 1926 Convention of the 
American Association of State Highway Officials 


“A highway is no stronger than its 
weakest link” and I believe you will 
agree with me in that the subgrade is 
this weakest link. I am stressing this 
point, because in my opinion it is the 
most important item to be considered 
in the surface treatment of gravel, 
sand-clay and earth roads. Ninety per- 
cent of the failures or successes in this 
class of work are directly traceable 
to this source. I think we should ac- 
cept as a fact that an improperly pre- 
pared subgrade spells total failure in 
the surface treatment of gravel, sand- 
clay and earth roads. 

We should bear in mind af all times 
that in this class of work we encounter 
an element with which we do not have 
to contend in any other types of high- 
way construction, namely: the introduc- 
tion of two subgrades, or what might 
be termed a “double subgrade.” We 
must first take into consideration the 
subgrade upon which the original 
gravel, sand-clay or earth surfacing 
has been previously placed as a wear- 
ing surface, and then just as carefully 
consider this same surfacing material 
as a subgrade to receive the surface 
treatment of asphalt or tar. 

How to Eliminate Improperly Pre- 
pared Subgrade.—In the surface treat- 
ment of gravel, sand-clay and earth 
roads, your riding surface of today 
becomes your subgrade of tomorrow. 
An improperly prepared subgrade may 
be eliminated if we will at all times 
bear in mind certain outstanding gov- 
erning factors, namely: the earth sur- 
facing to be treated should be thor- 
oughly bonded, compacted, and “setup”; 
the composition of the material to be 
treated should be as nearly uniform 
as conditions will permit; especial care 
should be taken to see that there is not 
an excessive clay content in the gravel 
or sand-clay surfacing; the roadway to 
be treated should be thoroughly dry and 
free from any moisture; and lastly, the 
surface of the road should be brought 
to a true and exact cross section. 
These, in my opinion, are the five 
major points to watch and overcome if 
we expect any degree of success to 
crown our efforts. 

Too much care can not be used in the 
general preparation of the road to be 
treated. Just as the contour of the 
road is before treatment, just so it will 
be after treatment. The oil treatment 
will not take out, eliminate or minimize 
the waves, depressions, short dips, or 
other irregularities that may have been 





By JOHN D. WALDROP 


State Highway Department, North Carolina 


left in the surfacing before treating. 
It is of prime importance, therefore, 
that every precaution be used to 
bring the roadway to a true and ac- 
curate cross section, well compacted, 
thoroughly bonded and as nearly as 
possible of a uniform texture. 

Surface Treatment.—Our program in 
the surface treatment of gravel, sand- 
clay and earth roads was begun during 
the summer of 1925 and our work today 
has extended over approximately 540 
miles of highways. Our organization 
for conducting this work has been based 
upon a plan that has operated some- 
what as follows: 

The State is divided into nine dis- 
tricts with nine District Engineers in 
entire charge of all maintenance and 
construction work in their individual 
districts. Up to the present time, it 
has been the District Engineer’s re- 
sponsibility to properly prepare with 
his own maintenance forces any road 
that may have been authorized for 
treatment. Also, up to the present, it 
has been the responsibility of the Road 
Oil Department, with headquarters at 
our main office at Raleigh, to apply the 
various surface treatments to the sec- 
tions of roads already prepared for 
treatment by the District forces. The 
Road Oil Department, operating 14 dis- 
tributors, has acted heretofore under 
the direct supervision of our Raleigh 
office and the District Engineers have 
had no control over the movement of 
distributors. With perfect weather 
conditions at all times and an organi- 
zation similar to that just outlined, 
functioning 100 percent efficiently at all 
times, our work would probably be eco- 
nomically sound. But unfortunately, 
ideal weather conditions are not always 
encountered and perfect organizations 
exist only in Utopia. 

The Preparatory Work.—Our experi- 
ence in a number of instances under 
this plan of organization has been as 
follows: a certain section of road has 
been authorized for surface treatment 
and the District Engineer notified to 
put the road in proper shape and con- 
dition for treatment, being advised fur- 
ther that a distributor would arrive on 
the job on a certain date to apply the 
oil. This District Engineer then pro- 
ceeds to patch, scarify, reshape and 
machine the road and has it ready for 
treatment on the day designated. Then 
for some unaccountable reason the dis- 
tributor is unable to report to that par- 
ticular job and I can recall instances 
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where a road has been placed in proper 
condition for treatment from four to 
six weeks before the arrival of a dis- 
tributor. There is no need of my call- 
ing to your attention the extra cost, 
time lost, and reshaping necessary in- 
cident to a situation such as this. A 
condition as outlined above may be 
brought about by any one of several 
reasons, over which we have no real 
control, such as bad weather, delays in 
oil shipments, break-downs, ete. Lack 
of coordination between departments 
could also be responsible. 

The reverse of the above has also oc- 
curred with us. That is, a distributor 
has arrived on the job on schedule time 
to find that the District forces have not 
completed their work of preparation. 
Weather conditions are usually respon- 
sible for this state in affairs. Be that 
as it may, any of the above conditions 
arising will naturally delay the surface 
treatment program and cause revisions 
in the schedule already adopted for the 
season’s work. 

I believe, therefore, that our experi- 
ence through the past two working sea- 
sons has shown us that our present 
plan of organization has not been en- 
tirely satisfactory. The weak points 
stand out self-evidently and the division 
of work into two units, operating under 
separate heads, has not functioned 100 
percent efficiently. I am convinced that 
most economic results will not be ob- 
tained if our present plan of organiza- 
tion is continued. I am sorry that I am 
not in a position at this time to make 
a definite recommendation as to just 
what procedure should be followed, as 
I have only just reached that point 
where I know that something is wrong 
without knowing just what may be 
right. And I would like to say fur- 
ther that we are open to any sugges- 
tions that you may have to offer as to 
just how we might be able to organize 
more efficiently. 

Three Distinct Methods Used.—When 
the supervision of this department was 
assigned to me as a part of my official 
duties, I am frank to confess that my 
first impressions were rather chaotic. 
We had treated at that time approxi- 
mately 300 miles of roads and I was im- 
mediately firmly convinced that we had 
used exactly 300 different methods of 
construction together with 300 different 
specifications for our tar or asphaltic 
oils. I also considered very seriously 
taking at once a trip to Egypt and 
there make an intensive study of the 
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Egyptian hieroglyphics. Just why it is 
necessary for every State Highway De- 
partment and commercial manufacturer 
of road oils to designate their particu- 
lar road oil materials by different sets 
of symbols is not yet exactly clear to 
me although I have hopes of being able 
to memorize them all at some future 
date. After investigating, however, in 
a little more detail and making a study 
of our work then under way, certain 
standard methods of construction be- 
gan to take the foreground and I was 
able to see that in general, we were 
adhering rather closely to three dis- 
tinct methods of treatment and that 
these three methods each had a definite 
place and reason for its existence. 
These three methods may be classified 
as follows: 


1. Combination tar and asphaltic 
road oil. 


2. Impregnating base with asphalt 
by scarifying. 
8. Cold and hot tar. 


Combination Tar and Asphaltic Road 
Oil Method.—Under the first method a 
priming coat of cold tar is used fol- 
lowed by two cold applications of as- 
phaltic road oil. This method has been 
adopted for use to some extent on 
gravel roads but mostly on topsoil, or 
topsoil containing a certain percent of 
gravel. The road to be treated is first 
swept with a rotary broom until all 
loose material has been removed. The 
priming coat of tar is then applied and 
the amount used per square yard is de- 
pendent upon the absorbing power of 
the topsoil. This amount however has 
not exceeded 0.3 gal. A sand blotter 
is not being used in connection with the 
priming coat if a satisfactory bond is 
secured between the roadbed material 
and the tar. It is sometimes necessary, 
however, to use a sand blotter on this 
prime coat and when this is done, ap- 
proximately 15 lb. of sand per square 
yard is used, or just as little as can be 
used to prevent traffic from picking up 
the tar. The first application is allowed 
to dry out, taking from four to six 
days to accomplish this and then the 
first application of asphaltic road oil 
is applied using 0.3 gal. per square 
yard. A sand or gravel blotter is then 
spread and the road dragged almost 
immediately with a broom drag. This 
improves materially the uniform 
spreading of the material. Twenty-five 
pounds of sand is used under this op- 
eration. The third application of as- 
phaltic road oil is not applied until six 
weeks or two months later. Time is 
allowed for previous applications to 
cure out and this is dependent upon 
traffic and weather conditions. The 
third application runs 4 gal. per square 
yard with a sand or gravel blotter of 
20 Ib. The broom drags are again 
brought into use after this third ap- 
plication. I believe that gravel as a 


blotter will give much the better re- 
sults under this method, but we have 
used sand where it was more econom- 
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ical to secure it locally. It naturally 
follows too, that the larger the ma- 
terial in the blotter, the more asphaltic 
oil it will take to properly hold it. Un- 
der this method we have treated ap- 
proximately 440 miles of road. 


Impregnating Base With Asphalt by 
Scarifying.—The second method given 
above consists of first scarifying for a 
depth of about 3 in. the topsoil or sand- 
clay surfacing. This method has been 
adopted by us almost entirely where a 
poor grade of topsoil is encountered and 
also on our sand-clay roads, where the 
percentage of clay is so great that no 
bond can be formed between the road 
surface and a priming coat of tar. 
After the road has been scarified, the 
material is thoroughly disced and har- 
rowed so that all lumps are pulverized. 
The first application is then spread 
upon this loose material and the mix- 
ture is again manipulated, disced, har- 
rowed and machined until a uniform 
mixture has been secured. The road is 
then shaped and allowed to set-up—if 
it will. “If it will” is being used ad- 
visedly because in several instances we 
have had the road to fail to set-up and 
we are now convinced that this has 
been due to the amount of asphaltic 
oil used in the first application. This 
method was adopted this year and in 
our first treatments we used 0.7 gal. 
per square yard. We now believe that 
this is not enough and the amount of 
oil will probably be increased to 1% 
gal. per square yard. After the first 
application has properly set-up, a seal 
coat is then applied using 0.3 gal. of 
asphaltic oil and this is covered with 
approximately 25 lb. of sand. We have 
also found under this method that best 
results are obtained if a roller is used, 
weighing about 7 tons. Traffic will 
iron out the center of the road, but it 
requires a roller to properly bond the 
edges. We have treated by this method 
approximately 70 miles of road. 


Cold and Hot Tar Method.—Our third 
method has been used almost entirely 
on gravel roads, a treatment of cold 
tar being used as the first application, 
followed by a second treatment of hot 
tar. The roadbed should be swept 
thoroughly clean of all loose material 
before applying the first application of 
tar. This first application varies be- 
tween 4% and % gal. per square yard, 
depending upon the absorbing power of 
the roadbed. The first application is 
left uncovered or open and just before 
it is dry, the second application should 
be applied. This condition usually oc- 
curs about two to five days after the 
first treatment. The second application 
of tar is applied at a temperature 
ranging from 225° to 250° and this ap- 
plication is covered with stone chips or 
gravel uniformly graded from 1 in. 
down to % in. Limestone chips have 
given us the best results as gravel, as 
well as granite chips will grind under 
traffic or roller. The stone chip mat 
should be rolled for four or five days 
until the chips are firmly imbedded in 
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the tar. We have treated under this 
method to date approximately 30 miles 
of road. 


Results Obtained.—If we will rele- 
gate to the background temporarily 
our organization troubles and unusual 
subgrade difficulties, I think I can say 
that the results that we have obtained 
so far in our surface treating of gravel, 
sand-clay and dirt roads, has been en- 
tirely satisfactory. The large major- 
ity has certainly proven very satisfac- 
tory and has measured up to our ex- 
pectations. Some of the work has been 
only fairly satisfactory and a small 
percent can be placed nowhere else 
other than in the failure column. These 
failures, as previously stated, were, in 
every instance, directly traceable to 
subgrade conditions. 





Concrete Pavement on Steep 


Grades 


Streets at Altoona, Pa., with grades 
ranging from 12 to 30.8 per cent, have 
been paved with concrete, according to 
an article by Henry J. Baum, City En- 
gineer, in the December Concrete High- 
way Magazine. 


A few of the concrete streets on 
which heavy grades were encountered 
are: 20th Ave.—14 per cent, 22nd Ave. 
—15 to 22 per cent, 7th St. Alley—25 
per cent, 17th Ave.—27 per cent, 18th 
Alley—30.8 per cent. 


A one-course pavement 7 in. thick of 
a 1:2:3 mix is used. Mesh reinforce- 
ment, weighing 65 lb. per 100 sq. ft. is 
placed 2 in. below the top of the pave- 
ment. Half-inch expansion joints are 
placed at the end of each day’s run, 
against all curbs, buildings, abutting 
pavements, along the property lines of 
intersecting streets, and at severe 
breaks in grade. 


On grades the surface of the pave- 
ment is slightly roughened by brushing 
over with a stiff broom. On all grades 
over 6 per cent the surface may also 
be grooved if ordered by the city. In 
practice, the broomed surface is so sat- 
isfactory, giving a slightly roughened, 
gritty surface, of generally smooth con- 
tour, secure for rubber tires and horses’ 
hoofs, that pavements are seldom 
grooved on a grade of less than 20 
per cent. 


These grooves are cut in the surface 
with a special tool, immediately after 
finishing. They are cut at right angles 
to the center line of the street, 5 in. 
apart on centers, and are V-shaped, % 
in. wide at the top, % in. deep with the 
upper edges rounded on a %-in. radius. 
To make this work easier, on streets 
to be grooved; the concrete is placed in 
two layers, no stone larger than % in. 
being used in the top 2 in. of the pave- 
ment. A thin cement paste is carefully 
swept over the surface after the grooves 
are cut. 
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Highway Reconstruction Problems 


How They Are Being Solved in Pennsylvania Described in Paper Presented Nov. 10 at Annual Con- 
vention of American Association of State Highway Officials 


Reconstruction divides itself into 
three classes, first, reconstruction of 
present worn out pavements; second, 
widening of present pavements; and, 
third, reconstruction of unsafe or un- 
economically located highways. 


. Why Narrower Roads Are Near 
Cities—Our earliest demands for im- 
proved highways were naturally adja- 
cent to the larger centers of population 
and, therefore, we have the narrower 
and lighter types of pavements ad- 
jacent to the centers of population. As 
the paving of a highway system de- 
veloped, the sections more remote from 
the cities were constructed with more 
recent types of adequate design and are 
in most cases satisfactory for present 
traffic and will continue to be so for a 
considerable period in the future. We 
are now confronted with the recon- 
struction of the lighter types of pave- 
ments adjacent to our centers of pop- 
ulation. Perhaps it is best that the 
situation has developed in this manner, 
since with our present knowledge of 
design and experience in construction 
we will be able to provide a much more 
satisfactory type of highway now than 
could have been constructed originally. 


Studies Necessary Before Decision Is 
Reached.—Considerable study must be 
given to the economic value of the 
existing pavement before a decision is 
reached regarding reconstruction. This 
involves a comparison of the capital, 
maintenance and operation costs on the 
old pavement and the new. In many 
cases only relatively short sections of 
existing highways require reconstruc- 
tion and unless a careful economic 
study is made, there may be a tend- 
ency to use snap judgment, and a de- 
cision may be made to reconstruct a 
project in which there remains con- 
siderable economic value. 

In order to anticipate the require- 
ments for the design of a reconstruc- 
tion project, it is necessary to make a 
transport survey and a study of the 
lines and grades to be followed. The 
economics of location must be devel- 
oped to give a comparison of operation 
costs on a new and the old location. 
Eliminate all dangerous conditions and 
congested sections, for to continue them 
is to multiply your future problems. 
Provision should be made at this time 
for ultimate development beyond pres- 
ent traffic requirements and it is recom- 
mended that. there be a more general 
advocacy of laws enabling the several 
Highway Departments to establish ul- 
timate right-of-way widths which will 


By P. M. TEBBS 


Department of Highways of Pennsylvania 


permit the establishment of building 
lines along our highways in the same 
manner as in cities. The ultimate 
right-of-way should be provided for an 
ample number of traffic lanes 10 ft. in 
width with provision for public utilities, 
parking and sidewalks and addition to 
the required travel roadway. The law 
in Pennsylvania permits us to dedicate 
a maximum ultimate highway width of 
120 ft. 

Pavement Widened and Constructed 
in 2 Sections.—Pennsylvania has under- 
taken a number of very interesting re- 
construction projects. On Route No. 1, 
the Lincoln Highway between. Philadel- 
phia and New York, there existed an 
asphaltic concrete pavement surface on 
a 6-in. concrete base which had become 
very rough and required reconstruction. 
The original pavement was 19 ft. in 
width, including flush concrete header 
eurbs. The section was reconstructed 
with 5 in. of 1:2:3 concrete, 20 ft. 
in width, with doweled longitudinal 
center joint and 65 lb. wire fabric re- 
inforcing placed 2 in. below the surface 
of the pavement. 

This section of highway was con- 
structed in half width to permit the 
maintenance of traffic during construc- 
tion. The asphalt surface was not re- 
moved but the header curb was split off 
diagonally on the outer edge in order 
to gain depth of concrete over the edge 
of the original base course. 


The outer edge of the pavement was 
carried down to the bottom of the 
original base course. The forms for 
the center were of wood, attached to 
blocks spiked to the asphalt. 


The grooved longitudinal joint metal 
was set against this wooden form and 
the dowels bent at right angles so that 
the free end of the dowel lay in the 
groove of the joint metal. The old 
pavement was cleaned and the concrete 
placed and finished in the regular way. 

The soil on this project was a light 
sandy clay containing considerable 
mica, and heavy traffic rumbling over 
the old pavement caused considerable 
vibration of the old base course under 
the first half of the new pavement. As 
a result the setting of the concrete was 
somewhat disturbed and there are many 
fine cracks through the pavement in all 
directions. 

As soon as the first half had set up 
sufficiently, traffic was turned over it 
and the second half was constructed 
with practically no disturbance due to 
vibration. 

This section of highway has been 
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uder traffic for two years. The fabric 
reinforcement is holding the cracked 
slab together and at present there is 
no indication of failure and I bring this 
to your attention in order that you may 
guard against a similar condition. 


10-Ft. Concrete Traffic Lanes.—On 
Route No. 1, Lincoln Highway west 
from the city of Philadelphia, there ex- 
isted a sheet asphalt pavement, 18 ft. 
in width, placed upon a broken stone 
base course during 1918. This pave- 
ment was subjected to very heavy 
traffic and required widening and con- 
siderable patching. It was decided to . 
patch, and widen the center section to 
20 ft. and to construct a 10-ft. con- 
crete lane with integral curb on either 
side, making in all a 40-ft. paved high- 
way. 

The grade line of the inner edge of 
the new concrete lane was laid as 
nearly as practicable to the edge of the 
original pavement or slightly below it 
and the work progressed satisfactorily 
with one mixer on either side at dif- 
ferent points. Traffic was maintained 
without considerable difficulty. 


After the completion of the concrete 
lanes, the department with its own 
forces trimmed the edges of the old 
pavement and placed concrete founda- 
tion for the new asphalt surface to be 
placed between the new and the old 
pavement. 

The results are satisfactory and by 
the expenditure of but little more than 
the expense incident to the construc- 
tion of two 10-ft. traffic lanes we have 
been able to provide a 40-ft. roadway, 
and as soon as the center asphalt 
pavement has passed the point where 
it can be maintained economically, it 
can be resurfaced or if the traffic de- 
mands, it can be removed and a more 
stable pavement placed in the center 
at less expense than the cost of recon- 
struction with concrete originally. 

10-Ft. Macadam Center and 10-Ft. 
Concrete Traffic Lanes.—On Route 1, 
Lincoln Highway east of Downingtown 
in Chester County, an existing bitu- 
minous surface-treated macadam pave- 
ment required reconstruction. It was 
decided to leave 10 ft. of macadam in 
the center and to place a 10-ft. con- 
crete traffic lane on either side. The 
work was performed half at a time and 
traffic maintained throughout. 

The grade for the inner edge of the 
concrete slab was laid slightly above 
the existing pavement. The concrete 
was placed by contract and after its 
completion the maintenance forces of 
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the department scarified the center 
strip and resurfaced it with bituminous 
surface-treated macadam. 


There are no curbs along this section 
but 5-ft. shoulders were constructed of 
a mixture of broken stone and clay 
taken from the excavation. Traffic fol- 
lows the concrete lanes without re- 
quiring any regulation and the center 
strip is used for passing. 


On the 40-ft. section previously de- 
scribed, where there is a curb on the 
outer edge, there is a tendency for 
traffic to crowd toward the center, and 
it seems that fast moving traffic will 
not travel in a 10-ft. lane adjacent to 
a curb, and it may be necessary to 
provide a 12-ft. lane under such condi- 
tions. 


Widening Old 16-Ft. Concrete Pave- 
ments.—Route 1, Lincoln Highway 
through Malvern Borough in Chester 
County, was paved with a 5-7-5-in. re- 
inforced concrete pavement 16 ft. in 
width in 1918. Heavy traffic required 
the widening of this section which was 
accomplished by constructing slabs 2 
ft. in width on either side. Due to the 
weakness of the edges of the original 
pavement the extra width was extended 
6 in. in depth and 6 in. under the old 
pavement. The outer edge of the new 
concrete was 10 in. in thickness. This 
work was done by the forces of this 
department and has been entirely sat- 
isfactory. It has been in service some 
three years and with the exception of 
two corner breaks in the original 
pavement, there has been no other un- 
usual condition developed. 


Route 9, Yellowstone Trail west of 
Erie on the Lake Road leading to 
Cleveland, was constructed in 1918 
with a pavement 5-7-5 in. by 16 ft. of 
reinforced concrete. This section was 
subject to heavy traffic and was wid- 
ened 4 ft. on either edge three years 
ago. The depth of the outer edge was 
8 in. and the edge of the old pavement 
was underpinned with 7 in. of concrete, 
making the total thickness at this point 
12 in. This pavement has been entirely 
satisfactory, there being but two or 
three corner breaks in the original 
pavement which have had to be re- 
paired since the widening was per- 
formed. 


Resurfacing With Reinforced Con- 
crete.—Route No. 4, Susquehanna Trail 
immediately south of the city of Wil- 
liamsport, an old brick pavement upon 
a concrete foundation, had become 
very rough and was reconstructed with 
1:2:3 fabric reinforced concrete over 
the old concrete base course three 
years ago. The depth of the concrete 
was 6 in. and it has been entirely sat- 
isfactory. Less depth might have been 
used were it not for maintaining the 
grade of the original pavement surface 
adjacent to car tracks and curbs, the 
original brick pavement and sand cush- 
ion being 6 in. in depth. 


ROADS AND STREETS 


Route 221, north of the city of Al- 
toona in Blair County, was con- 
structed with an asphaltic concrete sur- 
face course over a 5-in. concrete base 
during 1913. This pavement was sub- 
ject to exceptionally heavy coal haul- 
ing in one direction and the pavement 
was practically destroyed. The asphalt 
surface was removed and the old base 
course resurfaced with 5 in. of fabric 
reinforced concrete 18 ft. in width ex- 
cepting one experimental section where 
the base course was in good condition 
and where the concrete pavement was 
placed but 4 in. in depth. The section 
of highways above has been subject to 
heavy traffic for two years and al- 
though traffic was maintained during 
construction, ‘there was not sufficient 
vibration caused by traffic on the old 
base course to cause any cracking of 
the new pavement when placed. 


On Route 69, west of Kittanning in 
Armstrong County, an old brick pave- 
ment on a crushed stone base course 
originally 14 ft. in width was resur- 
faced with a minimum thickness of con- 
crete of 5 in. and widened to 18 ft. 
The header curb was split off so as to 
gain an outer edge depth of 9 in. and 
the widening was uniformly 9 in. in 
depth. Sixty-five pound metal fabric 
was placed 2 in. below the surface and 
this section was constructed without 
center joint. This pavement has been 
under service for three years and there 
are very few longitudinal cracks in the 
center and none along the edges of the 
original pavement. 


Pennsylvania has replaced numerous 
sections of broken stone roads with re- 
inforced concrete of standard design 
placed over the surface and no unusual 
conditions have developed excepting 
that there are fewer cracks in the con- 
crete pavements placed on the old ma- 
cadam roads than on earth subgrades 
in the same localities. 


Depths of Concrete Resurfacing.— 
Pennsylvania has reconstructed its bi- 
tuminous surface roads on concrete 
bases by placing the concrete directly 
over the asphalt surface and by remov- 
ing the asphalt surface. It has recon- 
structed by placing the concrete over 
the brick and also by removing the 
brick and placing the new pavement 
on the base. It has widened existing 
pavements with concrete strips from 2 
to 10 ft. in width. The thicknesses of 
these slabs vary from 4 in. on a sound 
eoncrete base to 10 in. or narrower 
widths on an earth subgrade. Our re- 
sults appear to be satisfactory, al- 
though the work has not been observed 
over a long period of years. 


Pennsylvania has used concrete sur- 
facing on its bridge floors, 2% in. in 
depth at the sides against a concrete 
shoulder built with the floor, and 4% 
in. in depth at the center, reinforced 
with 42-lb. square mesh fabric, with 
success for a number of years. 

New York has used a minimum 
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depth of concrete resurfacing experi- 
mentally, 3 in. in depth at the sides 
and 2% in. in depth at the center with 
apparent success. 


It may be, therefore, that the depth 
of concrete resurfacing under favorable 
conditions may be reduced to 3 in. or 
even less. 





Device for Filling Pavement 
Cracks 


A conical-shaped asphalt pouring pot 
has been found to be a very convenient 
piece of equipment by the Maintenance 
Department of the California State 
Highway Department. It is in use in 
severa! of the divisions for filling pave- 
ment cracks with hot asphalt. A three- 
eighths-inch rod for regulating the flow 









































Pouring Pot for Filling Pavement Cracks 


of the asphalt extends through the cen- 
ter of the cone to the outlet at the 
point. This is done by raising or low- 
ering the rod by means of a latch at 
the base of the wooden handle. The 
capacity of the container is 1 gal. The 
accompanying illustration from a recent 
issue of California Highways shows one 
of the pots which was made up in the 
Headquarters Shop from a plan fur- 
nished by Division III. 





Georgia Has Spent $47,000,000 on 
Highways.—The total amount of road 
work done and for which contracts have 
been made by the State of Georgia for 
six years, to within a few months of 
the present time, amounts to $47,000,- 
000. This represents the contracts for 
work on the highways. Of this amount 
there is approximately $4,000,000 in 
contracts which has not been completed, 
but for which the contracts have been 
made. 
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State Highway Construction in 1926 and 1927 





Reports from State Officials Showing Mileage and Expenditures Last Year and Proposed Mileage 


New England States 
Maine 

State highways completed in 1926 
included approximately 25.4 miles of 
reinforced concrete, 30.2 miles of bitu- 
minous macadam and 87.8 miles of 
gravel road. The uncompleted state 
highway work carried over to 1927 in- 
cluded 4.42 miles of concrete, 1 mile of 
bituminous macadam and 7.19 miles of 
gravel road. The costs of the work 
completed in 1926 are shown in the 
accompanying table: 


Maine State Highway Completed in 1926 


Ft 
Cost 


= 
= n a 
> 2 oe 
n coc a 
= st . Be 
= <i BS <a 
Type 
Reinforced concrete ..11.44 18 7 $43,000 
Reinforced concrete .. 5.84 20 7 50,000 
Reinforced concrete .. 8.16 27 7 70,000 





-80.23 18 2%4- 3 35,000 
acest. § 18 8 -12 18,000 


Bit. macadam 
Gravel 


The program for 1927 is rather in- 
definite, and the amount of work that 
may be done on state highway con- 
struction depends to a very great 
extent upon the action of the legisla- 
ture this winter. At the present time 
surveys have been made and it is ex- 
pected to work up plans and estimates 


Average Unit Prices Received for State 


Unit Item 
cu.yd. Earth Excavation ........... 


on about 7 miles of 20-ft. concrete 
road, 8 miles of 27-ft. concrete road, 15 
miles of bituminous macadam and 
about 30 miles of gravel road. 

Paul D. Sargent, Augusta, Me., is 
chief engineer State Highway Commis- 
sion. 


New Hampshire 


At the end of 1926 the completed 
mileage of state trunk lines amounted 
to 1805 miles. The completed mileage 
of state aid roads was 770. The ap- 
proximate expenditure in 1926 was $4,- 
000,000. 

F. E. Everett, Concord, N. H., is 
State Highway Commissioner. 


Vermont 

Figures are not available at the pres- 
ent time regarding the mileage of state 
highway completed in 1926. Nor is in- 
formation available as yet regarding 
the 1927 construction program. 

Hubert E. Sargent, Montpelier, Vt., 
is Chief Engineer, State Highway De- 
partment. 


Massachusetts 


Over 100 miles of state highways 
were completed in 1926, the principal 
items being 26.99 miles of reinforced 
concrete, 15.94 miles of bituminous 
concrete and 57.09 miles of bituminous 





Highway Construction in Maine in 1926 


Average 

Low Bid 
No. of Average of No.of Contracts 
Bids All Bids Jobs Awarded 





cu.yd. Rock Excavation 





cu. yd. Borrow 
cu. yd. Stone Fill 








cu. yd. Gravel Base 





cu. yd. Stone Base—Gravel Finish 





cu. yd. Stone Base—Crushed Stone Finish............ 


cu. yd. Crushed Stone Base 





cu. yd. Gravel Sub-base 





cu.yd. Side Underdrain 





cu. yd. Class A (1:2:4)* 





cu. yd. Class B Concrete (1:2:%-5) 





eu. yd. Cement Rubble Masonry noc..2cc...ncxcccecnseseeecesceesesesese 


cu. yd. Dry Rubble Masonryt 





lin. ft. Laying 12 in. Corrug. Metal is 


lin. ft. Laying 14 in. Corrug. 
lin. ft. Laying 16 in. Corrug. 
lin. ft. Laying 18 in. Corrug. Metal 








lin. ft. Laying 20 in. Corrug. Metal 
lin. ft. Laying 24 in. Corrug. 





lin. ft. Laying 30 in. Corrug. Metal 





lin. ft. Laying 36 in. Corrug. M 








lin. ft. Laying 15 in. Cast Iron 
lin. ft. Laying 18 in. Cast Iron 
lin. ft. Laying 24 in. Cast Iron 
lin. ft. Laying 30 in. Cast Iron 











Each Drop Inlets—Complete ~............-...-.......--+---- 
Each Catch ee — nae 


Sq. Yd. Cobble Gutter 
Cu. Yd. Gravel Road 








Cu. Yd. Macadam Surface Course... 


Gal. Bituminous Material- heating and “applying ‘when de 


livered in tanks ... 





Gal. Bituminous Material- heating ‘and applying when de- > 


livered in barrels 





Cu. Yd. Concrete Pavement 





Pound Reinforcement-Concrete Pavement 





Lin, ft. Wire Cable Guard Rail 





Cu. Yd. Rip-Rap 


ensue 98 $ 1.26 2e $ 1.16 
98 4.29 20 4.14 
neniigenanatitadanitpssttiatiioiititiglenes 98 1.31 20 1.23 
. 23 3.26 5 3.10 
86 2.22 16 1.98 
35 3.18 7 2.94 
a 9 4.33 3 4.18 
ios 10 5.61 2 4.73 
44 2.49 10 2.22 
10 3.43 3 2.92 
iitdenl 95 30.26 19 29.26 
95 26.96 19 25.83 - 
3 19.33 1 20.00 
uate 12 12.58 2 14.50 
82 1.00 17 0.90 
0.98 9 0.92 
1.16 14 1.14 
1.28 12 1.27 
1.50 5 1.65 
1.59 9 1.49 
1.51 1 0.60 
2.34 2 2.50 
1.12 3 1.25 
1.82 11 1.69 
2.39 10 2.20 
: 9 2.86 2 2.25 
eceunithinbatan nadie 64.58 2 80.00 
96.00 2 100.00 
1.73 12 1.69 
2.63 14 2.30 
.- 19 6.41 5 5.63 
13 0.10 2 0.095 
19 0.083 5 0.067 
34 12.56 6 11.65 
34 0.0421 6 0.04 
. 98 0.87 20 0.85 
24 4.00 4 3.25 





a for concrete includes reinforcement and earth excavation. Rock excavation paid for at 
rock price. 
tPrices for all pipe culverts includes delivery from R. R. Station and earth excavation. Rock 
excavation paid at rock prices. Pipe furnished by State. 
Bituminous material furnished by State. 
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and Funds Availabie for This Year 


macadam. The average cost is shown 
in the table: 


Massachusetts State Highway Work Completed 
in 1926 


J 8 's ‘ 
77) 
Type i = &S 
xs 

2 ssh. Bs 

S <BS 68 <a 
Concrete, Reinforced 27 *20 8 $64,000 
Bituminous Concrete.. 16 20 4 22,000 
Bituminous Macadam 57 24 t7 50,000 
ER See ee 1.23 20 6 30,000 





* 20-ft. wide surface with 3 ft. bituminous 
macadam shoulders. 

+7 in. thick over gravel; 4% in. over stone 
base. 

The uncompleted state highway work 
carried over to 1927 included 4.4 miles 
of reinforced concrete pavement, 17° 
miles of bituminous macadam, 2.7 miles 
of bituminous concrete and 4.9 miles of 
grading, drainage and foundation. The 
program for new highway work for 
1927 will be about the same as in 
1926. 

A. W. Dean, Boston, Mass., is chief 
engineer State Division of Highways. 


Rhode Island 
The total mileage of state highways 
completed in 1926 amounted to 53.3, of 
which 17.3 miles were reinforced con- 
crete pavement and 22.3 miles bitumi- 
nous macadam. The accompanying 
table shows the cost of the 1926 work: 


Rhode Island State Highway Work 
Completed in 1926 





a § 
Aa Ped an, 
5.8 82 | Le 
Type ot ie HY SE38 5 
e ESys ¢ 3 “9 
v vu — on eon 
mS Soa FS 8 > oS 
S <FPS&h daze cae 
Concrete, Rein....... 17.3 18 8 $31,000 $55,000 
Bituminous Cone... 2.4 18 *2 18,500 40,000 
Bituminous Mac... 22.3 18 8 18,000 33,000 
GS ccsinnicsintns 3.5 18 8 3,400 15,000 
Macad 6.0 18 6 18,000 22,000 
Sheet Asphalt on 
Concrete Base... 1.8 18 73 36,700 47,000 





*2 in. on 6 in. macadam base. 
+3 in on 6 in. base. 


The uncompleted state highway work 
carried over to 1927 includes 12.13 miles 
reinforced concrete, involving a prob- 
able expenditure of $600,000, 15.55 
miles bituminous macadam to cost 
$500,000, and 0.7 mile sheet asphalt on 
concrete base to cost $35,000. 

The new highway work so far pro- 
posed for 1927 includes 15 miles of 
road from the new construction fund, 
requiring a probable expenditure of 
$500,000, and 12 miles of Federal-aid 
work, involving a probable expenditure 
of $750,000. 

George H. Henderson, Providence, 
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R. I., is chief engineer State Board of 
Public Roads. 


Connecticut 

More than 200 miles of improved 
roadway were constructed in Connecti- 
cut during the fiscal year ending June 
30, 1926—the largest road-building pe- 
riod in the history of the state. 

The previous year’s activity had pro- 
duced a total d¥ 113 miles, while during 
the 1924 fiscal year about 132 miles 
were built. Ninety-five miles of the 
total work finished during the period 
new roads added to the 
trunk line and state-aid system. Roads 
reconstructed on the existing system 
aggregated 105 miles. 

On the trunk line system, 146.82 
miles of new surfacing were added, 53 
being new construction, and 94 being 
roads reconstructed. On the state-aid 
system, nearly 54 miles were built, 43 
being roads newly built, and nearly 12 
being reconstructed highways. 

The average cost per mile of the 200 
miles of new pavement added to the 
state highway system during the last 
fiscal year was $35,362. 

Reinforced concrete surfacing was 
put on 36.14 miles of state roads at a 
cost of $2,630,382, or. an average of 
$72,783.13 a mile. Much of the work 
being on the Boston Post Road, where 
the width of the highway is 36 ft., or 
practically double that of the normal 
road. 

For the construction of 104.35 miles 
of macadam surfacing, $3,041,076 was 
spent, or an average of $29,143 a mile. 
On bituminous macadam, the average 
cost was $36,931 for 27.12 miles, or an 
aggregate of $1,001,589. Bituminous 
concrete was used on 28.27 miles at a 
total cost of $376,093, or an average of 
$13,303 per mile. Gravel surfacing on 
3.56 miles was done at a total cost of 
$23,172, or an average of $6,509 per 
mile. 

J. A. MacDonald, Hartford, Conn., is 
State Highway Commissioner. 


Middle Atlantic States 
New York 
During 1926 a total of 543 miles of 
state highway was built involving an 
obligation of $40,000,000. The construc- 
tion in 1927 will be about the same as 
in the past year. 
Paul Schultze, Albany, N. Y., is 
Deputy State Highway Commissioner 
in charge of construction. 


New Jersey 

State highway construction in 1926 
included 65 miles concrete road, 34 
miles concrete widening and 40 miles 
grading, gravel widening and miscel- 
laneous construction. The total ex- 
penditure was $12,467,000. Bridge con- 
struction involved an expenditure of 
$3,359,000. It is expected that the 1927 
mileage and expenditure will be ap- 
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proximately the same as in the past 
year. 

W. G. Sloan, Trenton, N. J., is State 
Highway Engineer. 


Pennsylvania 
New state highway construction 
completed in 1926 amounted to 613 


miles,'of which 492 miles were rein- 
forced concrete pavement, 115 miles bi- 
tuminous treated macadam, 4 miles bi- 
tuminous penetration and 2 miles brick 
on concrete base. In addition 39 miles 
of worn out stone roads were re- 
placed with a durable type, 172 miles 
of highway were resurfaced, 24 miles 
were given a temporary surfacing and 
45 miles were graded and drainage in- 
stalled preparatory to laying surface. 

Due to unfavorable weather condi- 
tions in 1926 about 400 miles of paving 
work was carried over into 1927, the 
greater part of which would have been 
completed under average weather con- 
ditions. 

The construction program for next 
year is indefinite at this time, and can- 
not be given with any fair degree of 
accuracy until after the legislature 
makes appropriations. 

W. H. Connell, Harrisburg, Pa., is 
Engineering Executive of the State 
Highway Department. 


South Atlantic States 


Delaware 
The state highway work completed in 
1926 included 38.8 miles of concrete, 
20 miles of slag macadam and 5.8 miles 
of sand-asphalt. The cost is shown in 
the accompanying table: 


Delaware State Highway Work Completed in 
1926 
: g 
& n 
eae § of 
om «6s — 
e 46 x = 
eo ~~ y 7 mH 
= bee = 5% 
= '<FS BS <a, 
Type 
Concrete, Plain............ 38.8 16 8-6-8 $28,000 
Macadam Slawg.............. 20.0 12 6 7,500 
Sand-Asphalt ............ 5.8 15 6 20,000 


The uncompleted state highway work 
carried over to 1927 is as follows: 


Uncompleted State Highway Work Carried Over 


to 1927 
Probable 
Type Miles Expenditure 
eee 7.8 $180,000 
Sand-Asphalt .... 5.1 110,000 
Slag Macadam .............. 3.5 25,000 


C. D. Buck, Dover, Del., is chief engi- 
neer State Highway Department. 


Virginia 
About $10,000,000 was expended on 
state highway construction in 1926. 


About 80 per cent of the work was 
hard surfaced roads. The 1927 pro- 
gram calls for about the same amount 
of work as in the past year. 

H. G. Shirley, Richmond, Va., is 
Chairman, State Highway Commission. 


January 


Maryland 


The state highway work completed 
in 1926 is summarized in the following 
table: 


Maryland State Highway Work Completed 


in 1926 
’ a 
— n ca 
gas § ort 
€ = 
n fia < 5 
® e ® 
= $=8 2; $8 
a2 <BS E& <4 
Type * 
Concrete, Plain .......... 66 15 . $30,516 
, ee 24.5 15 8 8,456 
CO eae 15.6 15 8 16,243 
Asphalt Streets .......... 5.36 40 tT 108,892 
Graded and Drained.. 1.43 24 ame 13,710 


* 8-in. edges, 8-in. center. 
+ 3-in. top, 6-in. base. 


The uncompleted state highway work 
carried over to 1927 included 5 miles of 
macadam, involving a probable expen- 
diture of $80,000; 29.5 miles of con- 
crete, $900,000; 15.8 miles gravel, 
$130,000, and 2.29 miles asphalt, 
$250,000. The new highway work pro- 
posed for 1927 includes the following: 


New State Highway Work Proposed for 1927 
in Maryland 


a a 15 $210,000 
IEEE cudchiceinniniatscninteniiniinsdion 35 339,000 
ID. cdesciidbtciindnabticunnns 70 2,100,000 
a eee 4 400,000 


John N. Mackall, Baltimore, Md., is 
chief engineer State Roads Commis- 
sion. 

West Virginia 

A total of 632.8 miles of state high- 
way was completed in 1926. This in- 
cludes 122.49 miles of concrete, 212.96 
miles of bituminous macadam and 
205.86 miles of graded and drained 
roads. The costs for the 1926 work 
are shown in the table: 


West Virginia State Highway Work Completed 
in 1926 


= 
’ - — 

— on n 
eas § S28 
oom € =o 

n he <3 i} he 
2 ow o— One 
| PSS 2. Pog 

Type 

SS 16 ° $50,766 
Concrete, Plain........ 122.49 16 7 43,009 
Bituminous Cone..... 6.99 16 t 52,597 
Bituminous Mac....... 212.96 16 t 36,600 
ee 73.31 18 & 18,500 
Shale Road ................ 5.78 18 8 14,500 
Grad. and Drained..205.86 2s... 15,131 


* 6-in. base, 2%4-in. top. 
¢ 8-in. base, 2-in. top. 
3 8-in. base, 21%4-in. top. 


The uncompleted highway work car- 
ried over to 1927 included 44 miles of 
bituminous macadam, 17.5 miles of 
concrete, 68.4 miles of gravel, 9.7 miles 
of shale road and 323 miles of graded 
and drained roads. A probable expen- 
diture of $4,500,000 will be required for 
this uncompleted work. 

The probable expenditure for new 
highway work in 1927 is $7,793,000. 
The 1927 program depends on the 
action of the legislature which meets 
in January. It is possible to issue 
bonds of about $7,000,000 face value, 
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and the state’s Federal aid will be 
$793,000. The legislature must vote on 
the issuing of bonds. 

The average unit prices in 1926 on 
state highway work were: Unclassified 
excavation, $0.52 per cubic yard; con- 
crete pavement, $14 cubic yard; base 
for bituminous macadam, $4.50 cubic 
yard; top for bituminous macadam, 
$0.70 square yard; asphalt tar, $0.18 
per gallon; reinforcing steel, $0.10; 
class A concrete for structures, $22; 
class B concrete, $20; class C concrete, 
$18. 

C. P. Fortney, Charleston, W. Va., is 
chairman State Road Commission of 
West Virginia. 


North Carolina 

Nearly 1,000 miles of state highway 
work were completed in 1926. This 
total included 438 miles of concrete, 82 
miles of bituminous concrete, 60 miles 
of sand-asphalt and 78 miles of sand- 
clay and top soil. The cost of the 1926 
work is shown in the accompanying 
table: 


North Carolina State Highway Work Com- 
pleted in 1926 


Type 
Pa B 
Dn 4 
eae & S2 
ie Ss 
n Ses 6 rm 
= $23 fe 5&5 
S <BEe BE Ay 
8-6-8 
Concrete, Plain............ 438 16-18 8-7-8 $25,000 
6 
Bituminous Concrete... 82 16-18 * 28,000 
OO Se 14 18 +8 9,800 
ON ae 16 68 10,000 
Sand Asphalt .............. 60 w- ¢ 17,000 
Sand-Clay and Top 
| 78 18 #8 9,200 
Graded and Drained.. 395 oe wen = 
ts) 
8,000 


= Sein. base, 2-in. top. 

+ Average. 

t 3-in. base, 2-in. top. 

The uncompleted state highway work 
carried over to 1927 included the fol- 


lowing: 








Type Miles 
AE voit Te 
Sand Clay and Top SoiL.......-...------....---..- 13.5 
Gravel spiptsaenietaie squamnemsnstienionnsenees 4.2 
Concrete _ ......-. —_ “s 145.50 
Bituminous Concrete ........----.--0c-sse--s-eeeeneee 7.3 
BE ORII ecccpecccececccocscinsccsceceenctsccecensscessscesenenencs 25.3 
Sand Asphalt ...........-..--0--scccsessnessensesnoennesnnee 10.4 











The new highway work proposed for 
1927 calls for a probable expenditure 
of $20,000,000. 

Frank Page, Raleigh, N. C., is chair- 
man State Highway Commission. 


South Carolina 

During 1926 396 miles of all types of 
road were constructed, of which 90 
miles were hard surface. The total cost 
including bridges was $5,500,000. In 
addition $1,650,000 was expended for 
the maintenance of 4,923 miles of high- 
way. 

The program planned for 1927 calls 
for the construction of 250 miles hard 
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surfaced highway at a cost of about 
$7,500,000; 350 miles earth road at a 
cost of about $1,750,000, and bridges 
to cost about $1,000,000. In addition 
about $2,200,000 will be expended on 
the maintenance of 54.30 miles of high- 
way. 

C. H. Moorefield, Columbia, S. C., is 
State Highway Engineer 


Georgia 

The state highway completed in 1926 
included 11% miles of graded road at 
a cost of $138,000; 133 miles of top 
soil road at a cost of $1,147,000; 47% 
miles of clay gravel road at a cost of 
$657,000; 6 miles of waterbound mac- 
adam at a cost of $110,000; 6.3 miles 
penetration macadam at a cost of 
$156,000; 19.3 miles of asphalt; 24 
miles of concrete at a cost of $662,000; 
4543 ft. of timber bridges at a cost of 
$219,000; 736 ft. of concrete bridges 
at a cost of $80,000; 414 ft. of steel 
bridges at a cost of $34,0000. 

The probable construction and expen- 
ditures for 1927 are as follows: Top 
soil, 400 miles, $2,000,000; clay gravel, 
90 miles, $1,350,000; penetration mac- 
adam, 60 miles, $1,320,000; asphalt, 28 
miles, $672,000; concrete, 120 miles, 
$3,158,000. 

W. R. Neel, East Point, Ga., is State 
Highway Engineer. 


Florida 


The State Road Department of 
Florida operates on a pay-as-you-go 
plan and derives its funds from the 
following sources: One mill ad valorem 
tax, 4-cent gasoline tax, gas and oil 
inspection tax, % cent per gallon, auto- 
mobile license, title registration, county 
donations and Federal aid. The depart- 
ment estimated its resources from the 
several funds at the beginning of 1926 
to be approximately $14,000,000. For 
the 11 months of 1926, or to Dec. 1, 
1926, the department had actually re- 
ceived from its sources $14,712,442.08. 

Due to the fact that road building is 
possible the year round in Florida, con- 
tracts are let every month. Contracts 
let the latter part of this year natu- 
rally run over into the next year. At 
the beginning of 1926 the department 
had under construction, approximately 
300 miles of road and 5,000 ft. of 
bridges at an estimated cost of $4,- 
500,000. 

At the beginning of the year and for 
the first four or five months, there was 
a freight embargo, and as practically 
all materials for surfacing in Florida 
have to be shipped, the department 
was prohibited from letting or com- 
pleting any paving. As a consequence 
its energies were devoted to grading 
many projects preparatory to paving. 
Up to Dec. 1, 1926, the State Road De- 
partment had let contracts for 320.22 
miles of grading and the necessary 
small drainage structures at a cost of 
$3,404,822.28; 199.53 miles of Florida 
lime rock on previously graded road- 
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bed at a contract cost of $3,550,688.35; 
5.76 miles of sheet asphalt pavement 
at a contract cost of $285,230.86; 80.59 
miles of plain cement concrete pave- 
ment at a contract cost of $2,365,469 
and 9,267 ft. of concrete bridges at a 
contract cost of $1,648,053.10. 

Summarizing, it had let contracts for 
606.1 miles of road and 9,267 ft. of 
bridges at a total contract cost of $11,- 
254,264.54. In addition to this the de- 
partment has employed its convict 
force on the grading of approximately 
140 miles of road at an estimated cost 
of $1,200,000. 

For the nine months from January 
to September inclusive, the department 
has accomplished the clearing and 
grubbing of 305 miles of right-of-way, 
graded and built the culverts on 375 
miles of road and surfaced 200 miles of 
road, this consists of 8.21 miles of con- 
crete, 14.03 miles of sheet asphalt, 
98.03 miles of Florida lime rock and 
80.10 miles of sand-clay. 

In addition to the road work, con- 
striction of eight important concrete - 
bridges has been under way. These 
bridges varying in length from 200 ft. 
to 3,600 ft. 

There will be no let-up in the active 
road building which has been launched 
and in 1927 it is hoped that $2,000,000 
worth of work can be contracted for 
each month. 

J. L. Cresap, Tallahassee, Fla., is 
State Highway Engineer. 


East North Central States 


Ohio 
During the period Jan. 1 to Sept., 
1926, a total of 405.2 miles of state 
highway work was completed at a cost 
of $8,424,120. The following table 
shows the mileage of the various types 
at the total cost: 


Completed Mileage of Ohio State Highway From 
Jan. 1 to Sept. 1 
Type Miles Cost 


Bituminous Macadam .............. 88.89 $1,801,479 
Reinforced Concrete im Sa 1,884,298 
Brick 41.78 1,616,947 
Bitum. Conerete (Asphaltie) 22.72 629 976 
Convrete . 880 596,537 
W. B. Macadam wis, 1498 300.535 
Kentucky Roe Asphalt : 7.87 192,490 
W. B. Mac. Surface Treated 71.42 184,261 
Reconstruction ... A Oe 11.30 {8.674 
Resurface atc ee Ie 3.13 37.855 
Concrete Curb ae. 9.06 60.648 
Grad. and Drain. Structures 40.32 415,818 
Traffic Bound ; é ais.) ae 154,158 
Surface Treating . ee 24.460 
Miscellaneous o shania 7.50 80,555 

Const. Drainage Structures 
and Rolled Sandstone Base 1.75 34,992 
ORD ~ Kacacstecastinguntediienamail tka 358.429 
5 FERRE he Bee 405.20 $8,424,120 


H. J. Kirk, Columbus, Ohio, is State 
Highway Engineer. 


Indiana { 
During the fiscal year Oct. 1, 1925, 
to Sept. 3, 1926, a total of 231.9 miles 
of state highway was completed. This 
includes 188.1 miles of 18-ft. 9-7-9 rein- 
forced concrete pavement, 35.4 miles 
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limestone macadam 16 ft. wide and 12 
in, thick, and 8.4 miles of graded and 
drained road. 


The uncompleted state highway work 
carried over to 1927 included 88.4 miles 
of reinforced concrete, 1.6 miles of 
limestone macadam and 7.9 miles of 
graded and drained road. 


The program of new construction 
for 1927 has not as yet been decided 
but it is believed that approximately 
250 miles of concrete road will be built 
in 1927. 

John D. Williams, Indianapolis, Ind., 
is Director of State Highway Commis- 
sion. 

Illinois 

The state highway construction pro- 
gram in 1926 was limited to finishing 
the work on the $60,000,000 bond issue 
system. The construction season was 
further hampered by excessive rains 
and floods in September. Up to Nov. 
18,528 miles of state highway had been 


completed. This work included the 
following: 
Illinois State Highway Completed in 1926 
Average 
Width Thickness 
Type Miles Ft. n. 
Concrete .............. 432 18 9-6-9 
Brick ...... 6 18 *9 
Water Bound ‘Macadam 7 10 
Gravel ....... 2 10-14 
Graded and ‘Drained... 81 21-30 
~ © Bein. base, 3-in. brick, 1-in. cushion. 


The costs for the 1926 work were as 
follows: 


Average Awarded Cost Per Miles for 1926 
Illinois Highway 
Including Cement 





Width Type 

State Bond Issue 18 Concrete 

State Bond Issue 18 Brick .......... 
County 165-d......... 9-10 Concrete ... 
County 16-d........ 18 Concrete .... 
County 15-d......... 20 Concrete .. 
County 15-.......... Var. Gravel ................ 
County 15-d... 10 Macadam 


Total awarded “cost for 89.5 miles of grading 
was $1,133,946. 


The uncompleted pavement carried 
over to 1927 included 191 miles of 
concrete, 5 miles of brick, 7 miles of 
water bound macadam and 11 miles 
of general road. 

The construction program for 1927 
calls for the building of 1,000 miles of 
concrete road, requiring a probable 
expenditure of $30,000,000. 

Frank T. Sheets, Springfield, IIl., is 
chief highway engineer of State Divi- 
sion of Highways. 


Wisconsin 


During 1926 a total of 204.26 miles 
of concrete paving on state highways 
was let, at a total cost of $5,855,596. 

The following average costs for 1926 
work relate only to contract work, 
which includes practically all of the 
Federal and State projects in Wis- 
consin. 

Federal. Aid Excavation—Average Costs 


Total earth excavation on all projects: 
2, —_ 118 cu. yd. @ $1,112,045.79, or $0.408 cubic 
ya 

Earth excavation on concrete surfacing proj- 
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ects: 765,171 cu. yd. @ $399,660.80, or 
per cubic yard. 

Earth excavation on other type projects: 
1,958,947 cu. yd. @ $712,384.99, or $0.363 per 
cubic yard. 

Borrow’ excavation 
112,056 cu. yd. @ 
cubic yard. 

Borrow excavation on other type projects: 
57,318 cu. yd. @ $27,554.18, or $0.48 per cubic 
yard. 

Loose rock excavation on concrete projects: 
6,270 cu. yd. @ $6,710.40, or $1.07 per cubic 
yard. 

Loose rock excavation on other type projects: 
121,383 cu. vd. @ $70,272.90. or $0.579 per cubic 
yard. 

Solid rock excavation on concrete projects: 
33,255 cu. yd. @ $59,914.14, or $1.77 per cubic 
yard. 

Solid rock excavation on other type projects: 
59,110 cu. yd. @ $62,785.65, or $1.06 per cubic 


yard. 

Type “A” guard fence—on all projects: 
66,549 lin. ft. @ $40,365, or $0.606 per lineal 
foot. 

Type ‘C” rd fence—on all projects: 


gua 
11,869 posts @ $13,197.30, or $1.11 per post. 


$0.522 


concrete projects: 
or $0.445 per 


on 
$49,937.25, 


Federal Aid Concrete Bridges 


Five bridges: 520 ft. clear waterway @ 
$106,333.95; per cubic yard @ $27.82; per foot 
of waterway @ $204.48. 


Federal Aid Steel Bridges 
Two bridges: 270 ft. clear waterway @ 
$47,610.75; per cubic yard concrete @ $24.92; 
per clear foot of waterway @ $176.33. 


Federal Aid Timber Trestles 


Two timber trestles: 942 ft. clear waterway 
@ $64,285.35; per clear foot of waterway @ 


$68 
Federal Aid Culverts—Concrete 
9,221.5 cu. yd. @ $224,250.35; per cubic yard 
@ $24.32. 


Federal Aid Gravel—Produced and Placed 
155,815 cu. yd. @ $314,884.50; per cubic yard 
@ $2.02. 


Federal Aid, Grading, Draining and Gravel 
Surfacing 

79.14 miles @ $971,713.20; per mile @ $12,- 
278; average earth excavation cost, $0.33. 

Grading and draining only: 22.60 miles @ 
$146,354.86; per mile @ $6,476; average earth 
excavation cost, $0.39. 

Grading, draining and crushed rock surfac- 
ing: 34.39 miles @ $294,806.19; per mile @ 
$8,572; average earth excavation cost, $0.35. 

Grading, draining and mine tailing surfacing: 
3.6 miles @ $29,370.01; per mile @ $8,158.01; 
earth excavation @ $0.39. 

Grading, draining and top soil surfacing: 
23.11 miles @ $170,459.62; per mile @ $7,376; 
average excavation cost, $0.38. 

ravel surfacing only: 22.32 miles @ $92,- 
963.50; per mile @ $4,165. 

Crushed rock surfacing only: 25.43 miles @ 

$84,385.43; per mile @ $3,318. 


Federal Aid Curb & Gutter—Average Prices 


Standard curb and gutter: 42,093 lin. ft. @ 
$35,641.08; per lineal foot @ $0.846. 

Special curb and gutter: “ _ lin. ft. @ 
$15.325.10; per lineal foot @ $0.839. 

Standard flume: 2,030 lin. ft. °e $2,599; per 
lineal foot @ $1.28. 


Federal Aid Concrete—1926 

Total miles let: 99.45 miles @ $3,066,981.58. 

20-ft. concrete surfacing: 88.90 miles 
$2,775.922.05; per mile @ $31,000; per square 
yard @ $1.933. 

18-ft. concrete @ 
$311,059.53; per mile per square 
yard @ $1.982. 


State Aid Concrete Surfacing—1926 
Total miles let: 81.45 miles @ $2,270,927.81. 
20-ft. concrete surfacing: 39.37 miles @ 

$1,119,498.96; per mile @ $28,435; 
yard @ $1.869. 


surfacing: 10.55 miles 
@ $29,484; 


per square 


18-ft. . conerete surfacing: 38.93 miles @ 
$1,063,311.98; per mile @ $27,313; per square 
yard @ $1.98 

16-ft. concrete surfacing: 3.15 miles @ 
$88,116.87; per mile @ $27,973; per square 
yard @ $2.11. 


County day labor concrete surfacing: 23.36 
miles @ $517,686.96. 
State Aid Excavation—Average Prices 


Total earth excavation on all state aid proj- 
ects: 1,967,657 cu. yd. @ $905,805.75; per cubic 


yard @ $0.459. 





January 


Earth excavation on concrete surfacing proj- 
ects: 630, a. cu. yd. @ $324,984.83; per cubic 
yard @ $0.515. 

Earth excavation on other type projects: 
1,336,836 cu. yd. @ $580,820.82; per cubic yard 
@ $0.434. 

Borrow excavation on concrete surfacing 
projects: 16,320 cu. yd. @ $7,664.40; per cubic 
yard @ $0.469. 

Borrow excavation on other type projects: 
a cu. yd. @ $28,935.75; per cubic yard @ 

41. 


Solid rock excavation on concrete surfacing 
projects: 5,395 cu. yd. @ $13,092.25; per cubic 
yard @ $2.47. 

Solid rock excavation on other type projects: 
Shee .530 cu. yd. @ $72,717.30; per cu. yd. 

( rock excavation on concrete surfacing 
projects: 3,304 cu. yd. @ $4,920.20; per cubic 
yard @ $1.49. 

e rock excavation on other type projects: 
yay cu. yd. @ $22,384.35; per cubic yard @ 
1.02. 

State aid culverts on all projects: 708,558 cu. 

yd. @ $162,359.01; per cubic yard @ $22.92. 


Standard Curb and Gutter 


Standard curb and gutter: 47,445 lin. ft. @ 
$39,976.83 ; per lineal foot @ $0.843. 


Special curb and gutter: 8,601 lin. ft. @ 
$10,524.25; per lineal foot @ $1.22. 
Standard flume: @ $2,002.50; 


1,335 lin. ft. 
per lineal foot @ $1.50. 

State aid bridge—concrete—42 bridges, 2,342 
span ft. clear waterway @ $497,896.08; 16,811 
cu. yd. concrete @ $23.84 per cubic yard. 

State aid bridges—steel—2,147 span ft. of 
clear waterway @ $302,909.35; per span foot 
@ $140. 

State aid grading, draining and gravel sur- 
facing: 25.77 miles @ $256,874.38; per mile @ 
$9,580 ; earth excavation @ $0.38 per cubic yard. 

Grading and draining only: 59.98 miles @ 
$350,512.63; per mile @ $5,844; per cubic yard 
excavation @ $0.38. 

Grading, draining and crushed rock surfac- 
ing: 21.62 miles @ $230,831.59; per mile @ 
$10,630; per cubic yard excavation @ $0.36. 

Crushed rock surfacing only: 49.28 miles @ 
$162,227.70; per mile @ $3,292; per cubic yard 
crushed rock surfacing @ $1.99. 

Gravel surfacing only: 128.23 miles @ $272,- 
561.72; per mile @ $2,125; per cubic yard of 
gravel surfacing @ $1.33. 

6.0 miles—mine tailings surfacing @ $6,336; 
per mile @ $1,056; per cubic yard @ $1.32. 


Michigan 

The state highway completed in 1926 
amounted to 367 miles. The road con- 
struction expenditures for the fiscal year 
ended June 30 last were $14,500,000. 
The estimated expenditure for road con- 
struction for the fiscal year ending June 
30, 1927, is $16,000,000 and the prob- 
able mileage is 400. 

G. C.. Dillman, Lansing, Mich., is 
Chief Engineer and Deputy State High- 
way Commissioner. 


East South Central States 


Mississippi 

Over 331 miles of state highway 
were completed in 1926. This included 
57 miles of plain concrete road, 244 
miles of gravel road and 30 miles of 
graded drained road. In addition 0.2 
mile of bridges was completed. The 
cost of this work is shown in the table. 


Mississippi State 7 Work Completed in 
26 
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1927 


The uncompleted state highway work 
carried over to 1927 includes 149 miles 
of graded and drained road, 121 miles 
of gravel road, 47 miles of concrete, 
0.5 miles of brick and 2.3 miles of 
separate bridges. 

The new highway work proposed for 
1927 includes the following: 


Type Miles 
Graded and Drained........................... 81.5 








REY ‘citinidinntramnnsibiententeaiadomnn 117.6 
IIIS Githins cistesaticbisdlsecnesmnncinciedisctitininliagpatndiealatboamitiied % 
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H. C. Dietzer, Jackson, Miss., is State 
Highway Engineer. 


Kentucky 

A total of 447.5 miles of state high- 
way was completed in 1926. The prin- 
cipal items were 35 miles of reinforced 
concrete, 21 miles of bituminous mac- 
adam, 89 miles of gravel, 64 miles of 
macadam and 235 miles of graded and 
drained road. The cost of the work is 
shown in the accompanying tabulation. 


Kentucky State a Work Completed in 
1 
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Type 
Concrete, Reinforced... 35 17 9-6-9 $32,022 
Bituminous Conc. ...... 3.5 164% *1% 28,120 
Bituminous Mac. ....... 21 17% 9 27,000 
eer eee 89 16 9 17,000 
Macadam ...................-.- 64 16 9 23,000 
Graded and Drained.. 235 io 15,000 


* Surface. 


The work carried over to 1927 in- 
cludes ‘ the following graded and 
drained, 305-miles; gravel, 143 miles; 
waterbound macadam, 149 miles; rein- 
forced concrete, 52.9 miles; rock as- 
phalt, 8.1 miles; bituminous macadam, 
52 miles. 

The new work proposed for 1927 in- 
cludes the following: 














Miles 
Graded and Drained 74.9 
Gravel 28.3 
Macadam 40. 
Concrete 7.1 
Rock Asphalt 9.5 





E. N. Todd, Frankfort, Ky., is State 
Highway Engineer. 


Tennessee 


The mileage of State Highway which 
was let to contract in 1926 was as fol- 
lows: Grading and drainage, 261 
miles; cement concrete, 105 miles; 
bituminous macadam, 12 miles; chert 
or gravel, 15 miles; base, 7 miles; rock 
asphalt, 6 miles; asphaltic concrete, 5 
miles. The total expenditure was ap- 
promixately $14,900,000. 

The program for 1927 is as yet in a 
tentative stage pending action of legis- 
lature. However, granting same sources 
of revenue, 1927 will be similar in ac- 
complishments to 1926 with expendi- 
tures approximately the same. 

C. N. Bass, Nashville, Tenn., is State 
Highway Commissioner. 
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West North Central States 


Minnesota 

The state trunk highway construction 
completed in 1926 included the paving 
of 188 miles of road, the grading of 339 
miles and the graveling of 568 miles. 
The total cost was about $9,000,000. 
In addition $4,500,000 was spent for 
maintenance. There is under contract 
for 1927 94 miles of paving, 325 miles 
of grading and 148 miles of graveling. 
The balance of the 1927 program will 
not be determined until the probable 
automobile license and gas tax receipts 
are known. 

C. M. Babcock, St. Paul, Minn., is 
State Highway Commissioner. 


Nebraska 

State highway construction completed 
in 1926 included 642 miles earth road, 
12 miles of pavement and 694 miles of 
gravel roads. The expenditures in 1926 
amounted to $5,759,254. It is expected 
that the mileage of new construction 
and the expenditures in 1927 will be 
about the same as in 1926. 

A. T. Lobdell, Lincoln, Neb., is Chief, 
State Bureau of Roads and Bridges. 


Kansas 

Figures on the 1926 state highway 
construction have not been compiled as 
yet. Expenditures for the 1927 pro- 
gram will not be estimated until after 
the meeting of the state legislature 
which convenes in January. 

W. V. Buck, Topeka, Kan., is State 
Highway Engineer. 


- Missouri 
The state highway work completed 
up to Dec. 1 included 441 miles of con- 
crete road, 334 miles of gravel road and 
330 miles of earth road. The cost of 
this work is shown in the accompanying 
tabulation. 


Missouri State Highway Work Completed in 1926 
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Type 
NE cic cen eacinss 414 18 6 $29,500 
a aE 27 9 5 18,700 
' < " Gipeuretenselebes 334 18 4 10,000 
Earth Road ...........-... 330 34 13,000 


B. H. Piepmeier, Jefferson City, Mo., 
is Chief Engineer, State Highway De- 
partment. 

North Dakota 

State highway work completed in 
1926 included 499.5 miles of 18 ft. wide 
gravel road, 446 miles of 24 ft. earth 
road, 20 miles of sand-clay, 1.7 miles of 
9-7-9 reinforced concrete, and 0.7 mile 
of bituminous concrete. The uncom- 
pleted state highway work carried over 
to 1927 included 677.5 miles of earth 
grading and 140 miles of gravel road 
involving a probable expenditure of $1,- 
311,608; the Sanish bridge involving a 
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probable expenditure of $289,582, and 
the Williston bridge involving a prob- 
able expenditure of $263,779. 

The new highway work proposed for 
1927 includes 500 miles of gravel road 
requiring a probable expenditure of 
$1,000,000 and 650 miles of earth road 
requiring a probable expenditure of 
$2,400,000. 

H. C. Frahm, Bismarck, N. Dek., is 
State Highway Engineer. 


South Dakota 

During 1926 a total of 400 miles of 
gravel state highway was completed, 
also 125 miles of graded and drained 
road and 1.91 miles of reinforced con- 
crete pavement. The latter was 18 ft. 
with 9 in. thick at shoulders and 6 in. 
thick at center and cost $381,100 per 
mile. The gravel road was 24 ft. wide, 
7 in. thick, and cost on an average 
$5,100 per mile. The graded and 
drained road was 24 ft. thick, and the 
average cost per mile was $3,600. 

The uncompleted state highway work 
carried over to 1927 included 80 miles 
of gravel surface requiring a probablé 
expenditure of $120,000 and 120 miles 
of grading and drainage requiring a 
probable expenditure of $432,000. 

The new highway work proposed for 
1927 is as follows: 


New State Work Proposed for 1927 in South 
Dakota 





Probable 
Type Miles Expenditure 
Gravel 425 $2,170,000 
Grade and Drain................ 100 350,000 
eee - cents 450,000 


O. N. Hetle, Pierre, S. Dak., is State 
Highway Engineer. 


West South Central States 


Oklahoma 

Over 500 miles of state highway 
work were completed in 1926. This 
included 100 miles of concrete, 50 miles 
of gravel road, 50 miles of earth road, 
and 300 miles of graded and drained 
road. In addition bridges costing 
$1,000,000 were completed. The aver- 
age cost per mile of the 1926 highways 
is shown in this table. 


Oklahoma State nut Work Completed in 
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Type 
GENER adietienntersieeneiias a $35,000 
Concrete, Plain........... 100 18 96-9 25,000 
Bituminous Macadam 0.6 18 6 18,000 
SD. “sidsesarstteesaeniidind - 16 4 5,000 
Earth Road .............. 50 an. . ae 2,000 
Graded and Drained.. 300 _~ Oo 4,000 


The new highway work proposed for 
1927 includes the following: 


New Highway Work Proposed for 1927 


Per Mile 
Probable 

Type . Miles Expenditure 
Concrete ... 100 $25,000 
Seneees 20 28,000 
100 4,000 
ns *500,000 
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J. M. Page, Oklahoma City, Okla., 
is State Highway Engineer. 


Arkansas 

State highway completed in 1926 in- 
cluded 30 miles of pavement, 330 miles 
of gravel road and 700 miles of graded 
road. The expenditures were about 
$8,000,000. The program for next year 
has not been decided. 

O. L. Hemphill, Little Rock, Ark., is 
State Highway Engineer. 


Mountain States 


Montana 

During 1926 a total of 110 miles of 
state highway was constructed. The 
expenditure was $1,500,000. It is pro- 
posed to construct 200 miles of high- 
way in 1927 at a cost of $3,000,000. 

H. W. Holmes, Helena, Mont., is 
State Highway Engineer. 


Idaho 

The state highway work completed 
last year included 154 miles of road, of 
which 3.377 miles were plain concrete, 
28.7 miles bituminous concrete, 64 miles 
macadam and 55.2 miles graded and 
drained only. The cost of this work is 
shown in the table. 


State Highway Work Completed in Idaho in 
1926 
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Type 
Concrete, Plain............ 3.4 18 9-6-9 $24,815 
Bituminous Concrete.. 13.6 18 6 24,478 
Bituminous Concrete.. 15.1 18 4 17,653 
Macadam ae 18 6 5,270 
OO  —_ _e 11.7 18 5 3,521 
Graded and Drained.. 55.2 —_ 2,501 


The uncompleted state highway work 
carried over to 1927 was as follows: 


Uncompleted Idaho State Highway Work Carried 


Over to 1927 
Probable 
Type Miles Expenditure 
Macadam peantamnenge . 13.14 $152,000 
Graded and Drained..... 8.75 97,000 
eee 373,000 


The 1927 program includes the con- 
struction of 22 miles of macadam, and 
9 miles of bituminous concrete. The 


table summarizes the new highway 
work proposed for 1927: 
Probable 
Type Miles Expenditure 
Bituminous Concrete...... 9.09 $196,000 
Concrete, Plain .............. 81 25,000 
IIE enstamemiesltichisabaeiin 22.46 337,000 
EINE auchedecbusidtntinevinedine.  oiaas ‘ 124,000 


The 1926 unit prices on Idaho state 
highway construction were as follows: 

Solid rock excavation, $1.32 per cu. 
yd.; loose rock excavation, 46 ct. per 
cu. yd.; earth excavation, $0.255 per 
cu. yd.; unclassified excavation, $1.156 
per cu. yd.; Class “A” concrete, $26.20 
per cu. yd.; Class “B” concrete, $25.37 
per cu. yd.; reinforcing steel $0.067 per 
lb.; hand placed rip rap, $4.85 per cu. 
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yd.; loose rip rap, $3.00 per cu. yd.; 
guard rail (wire) $0.80 per lin. ft.; 12 
in. gal. iron culvert pipe, $1.45 per lin. 
ft.; 18 in. gal. iron culvert pipe, $2.07 
per lin. ft.; 24 in. gal. iron culvert pipe, 
$3.09 per lin. ft.; 30 in. gal. iron culvert 
pipe, $3.83 per lin. ft.; 36 in. gal. iron 
culvert pipe, $6.44 per lin. ft.; 12 in. 
conc. culvert pipe, $1.19 per lin. ft.; 18 in. 
conc. culvert pipe, $2.11 per lin. ft.; 24 in. 
conc. culvert pipe, $2.91 per lin. ft.; 36 
in. cone. culvert pipe, $4.65 per lin. ft.; 
crushed rock surfacing, $1.40 per cu. 
yd.; 6 in. bituminous conc. pavement, 
$1.77 per sq. yd.; 4 in. bituminous conc. 
pavement, $1.43 per sq. yd.; 9 in.-6 in.- 
9-in. plain concrete pavement, $1.92 per 
sq. yd. 

H. W. Gregory, Boise, Idaho, is Di- 
rector of Highways. 


Nevada 

During 1926 a total of 153 miles of 
state highway was completed at an ex- 
penditure of $1,567,000. 

The proposed construction in 1927 is 
150 miles of highway at an expendi- 
ture of $1,500,000. 

Geo. W. Borden, Carson City, Nev., is 
State Highway Engineer. 


Arizona 

About 122.7 miles of state highway 
were completed in 1926. This included 
1 mile of plain concrete, 18 ft. wide and 
6 in. thick, costing $30,000 per mile and 
8.2 miles of bituminous concrete, 18 ft. 
wide and 6 in. thick, built at an average 
cost of $30,000 per mile. In addition 
60.83 miles of gravel road, 18 ft. to 24 
ft. wide and 6 in. thick were construct- 
ed at an average cost of $18,000 per 
mile, and 52.68 miles of road were 
graded and drained. It should be noted 
here also that the U. S. Forest Depart- 
ment is constructing about 22 miles of 
bituminous macadam on a state system 
that lies in Forest Preserve. 

The uncompleted state highway work 
carried over to 1927 included 18 miles 
of gravel surfacing and 8 miles of 
grading and drainage. 

The construction program for 1927 
is as yet indefinite. It will not be de- 
cided until the legislature makes the 
appropriation. 

W. W. Lane, Phoenix, Ariz., is Chief 
Engineer, State Highway Department. 


New Mexico 


A total of 118 miles of state highway 
was completed in 1926. This included 
8 miles of 18 ft. concrete road 6 to 8 
in. thick; 75 miles of 16 ft. 8 in. (loose) 
gravel road and the grading and drain- 
ing of 35 miles of earth road. 

The uncompleted work carried over 
to 1927 included 65 miles of gravel 
road, estimated to cost $750,000, 1 mile 
of concrete to cost $35,000 and 80 miles 
of graded road to cost $400,000. In ad- 
dition bridges estimated to cost about 
$500,000 were carried over to 1927. 





January 


The new construction program pre- 
pared for 1927 includes 120 miles of 
gravel road requiring a probable expen- 
diture of $1,200,000 and 10 miles of 
concrete road to cost about $360,000. 


E. T. Mallery, Santa Fe, N. Mex., 
is acting State Highway Engineer. 


Utah 

The state highway work completed 
in 1926 included 2.5 miles of 18 ft. wide 
6 in. thick plain concrete road built at 
an average cost of $32,000 per mile and 
112 miles of 18 ft. wide, 6 in. thick 
gravel road which cost an average of 
$12,000 per mile. In addition $105,000 
was spent on separate bridge projects 
and $200,000 for miscellaneous highway 
betterments. 


The uncompleted state highway work 
carried over to 1927 included 30 miles 
of gravel road, requiring a probable ex- 
penditure of $360,000. 


The program of new work proposed 
for 1927 includes 100 miles of gravel 
road, involving a probable expenditure 
of $2,000,000. 


The following tabulation gives the 
average unit bid prices in state high- 
way work in 1926: 


























Item Unit Price 
Common Excavation.............cu. yd $0.34 
Solid Rock Excavation.......... CR. Faia. tae 
Borrow cu. yd. ..... 0.31 
Overhaul, Class A sta. yd 0.04 
Overhaul, Class B............. ---yd. mi. . 0.56 
Gravel Surface, Loading......cu. yd. . 1.01 
Gravel Surface, Hauling......yd. mi. - 0.39 
Gravel Surface, Placing........miles 478.50 
Structural Excavation........... . eee 1.34 
Reinforcing Steel, Placing....Ib. 0... 0.03 
Concrete, Class A...............-...cu. 20.36 
Concrete, Class B....................cu. 19.82 
Placing 18-in. C M P............ lin. 0.64 
Placing 20-in. C M P. lin 0.77 
Placing 30-in. C M P............lin. 1.09 
Guardrail ..lin. 0.40 

Note: Gravel for road; cement, steel, pipe 
and lumber (except for forms) furnished by 
the state. 


Ira R. Browning, Salt Lake City, 
Utah, is Chief Engineer, State Road 
Commission. 

Wyoming : 

State highway work completed in 
1926 included the grading and draining 
of 126.4 miles of road at an average 
cost of $6,500 per mile, and the con- 
struction of 113.3 miles of gravel road, 
18 ft. wide and 6 in. thick. The average 
cost per mile for the surfacing only 
was $4,000. 


The uncompleted state highway work 
carried over to 1927 included 48.7 miles 
of gravel road and 45.4 miles of graded 
and drained road, the probable expen- 
diture being $450,000. 


It is not possible to make a forecast 
of the 1927 work until April 1, when 
the budget is approved by the State 
Highway Commission. This will be 
based on appropriations to be made by 
the legislature which meets in January. 


Z. E. Sevison, Cheyenne, Wyo., is 
State Highway Engineer. 














Pacific Coast States 


Washington 

The state highway contracts complet- 
ed in 1926 included the following: 49 
miles reinforced and plain concrete, 18 
and 20 ft. wide, 9-644-9 thick, at an 
average cost of $28,500 per mile for 
surface only; 72 miles of gravel road, 
14 ft. 8 in. deep, at an average cost of 
$4,000 per mile for surface only; 69 
miles of graded and drained road, the 
cost ranging from $5,000 to $25,000 per 
mile. 


The uncompleted state highway work 
carried over to 1927 includes 107 miles 
of grading involving a probable expen- 
diture of $1,833,300 and 36 miles of 
gravel or crushed rock surfacing involv- 
ing a probable expenditure of $492,200. 


The new highway work proposed for 
1927 depends upon the action of the 
state legislature which convenes in 
January. It is probable the mileage 
and expenditure will be the same as in 
1926. 

J. W. Hoover, Olympia, Wash., is 
State Highway Engineer. 


Oregon 


The state highway work completed in 
1926 included 9 miles of plain concrete, 
145 miles of macadam and 140 miles 
of graded and drained road. In addi- 
tion 350 miles of previously macadam- 
ized roads were oiled. The last men- 
tioned were 18 ft. wide and the cost 
averaged $1000 per mile. The cost of 
the other work completed in 1926 is 
shown in the table. 


Oregon State. Highway Work Completed in 1926 
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Concrete, Plain .......... 9.0 20 7-9 $25,000 
SEER cckuctmnicitinaduntindn 145 18 6 6,000 
Graded and Drained.. 140 —  «é 20,000 


The uncompleted state highway work 
carried over to 1927 included the fol- 
lowing: 85 miles of macadam surfac- 
ing requiring a probable expenditure of 
$500,000 and 45 miles of grading to 
cost about $900,000. 


The new highway work prepared for 
1927 includes the following: 


New Highway Work Proposed for 1927 


Probable 
Type Miles Expenditure 
Macadam Surfacing ........ 75 $ 450,000 
| ere ee 100 2,000,000 


Roy A. Klein, Salem, Ore., is state 
highway engineer. 


California 
State highways completed in 1926 in- 
cluding work carried over from 1925 
total 378 miles. 
R. M. Morton, Sacramento, Calif., is 
state highway engineer. 
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Reducing Traffic Peaks 


Reduction of traffic peaks in the early 
morning and late afternoon by stag- 
gering the closing hours of business 
houses and the diversion of much com- 
mercial trucking to night operation 
stand out as the next developments in 
the battle against traffic congestion, ac- 
cording to Dr. Miller McClintock, di- 
rector of the Albert Russel Erskine 
Bureau of Street Traffic Research. 


“Few American cities use even their 
most congested streets to more than 75 
per cent of capacity,” declares Dr. 
McClintock. “The tidal wave of traffic 
that sweeps into the city in the morning 
unc out again at night, choking every 
artery of travel, can be strikingly con- 
trasted with the deserted appearance of 
the streets at night, between 11 P. M. 
end 7 A.M. The contrast indicates that 
the American city is operating in an 
extremely inefficient manner. 


“If the traffic of any great city were 
spread evenly over the entire 24-hour 
period there would be no congestion. It 
is obvious, of course, that a perfect dis- 
tribution of traffic load is impossible. 
Larger cities have assuredly reached 
the point, however, where it is neces- 
sary to consider means for cutting the 
tops off traffic peaks and using them to 
fill in the valleys.” 


Night Operations of Commercial 
Traffic—At least half and possibly 
three-quarters of the commercial traffic 
routed through the business districts 
of cities could be eliminated as a factor 
in traffic congestion by confining it to 
night operation, according to surveys 
made by the Erskine Bureau. Much of 
this, the Bureau has discovered, con- 
sists of the trucking of freight between 
railway terminals, the delivery of bulk 
merchandise from warehouses to retail 
establishments, and the delivery of 
packages from retail shops to custom- 
ers. A large part of this traffic could 
be removed from the business district 
in the normally crowded hours of the 
day and diverted to the early morning 
hours between midnight and six A. M. 


“The fact that this is not done is 
not the result of any economic neces- 
sity,” Dr. McClintock points out. “In 
fact a conservative conclusion would 
lead one to believe that from 25 per 
cent to 50 per cent of the total trucking 
costs in the city could be eliminated if 
this trucking were carried on over prac- 
tically open streets. 


“The chief objection to night deliver- 
ies of freight and merchandise is to 
be found in the natural hesitancy of 
business concerns to change established 
methods of operation. There are no 
insuperable obstacles to such a change, 
as witnessed by the fact that for many 
years it has been the custom to collect 
refuse during those hours, and that 
much of the mail service trucking is 
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carried on at night because of the ne- 
cessity for speed in operation. 


“Retail establishments could provide 
with very little cost a receiving room 
in their buildings under supervision of 
one of their employees on night duty 
to receive deliveries of goods. Freight 
terminals are normally kept open in the 
larger cities during the greater part of 
the 24 hours. There is no reason from 
an operating standpoint why deliveries 
and pickups from these stations could 
not be made just as readily in the early 
morning hours as during the rest of the 
business day. 


“The nominal objection of labor to 
night work is only a passing one. 
Every city shows many industries that 
operate throughout the entire 24 hours. 
One may anticipate confidently that 
within a short time the business streets 
of our cities at two or three o’clock in 
the morning will be no longer deserted 
but amply lighted and carrying the 
bulk of the commercial traffic of the 
city.” 


What Chicago Traffic Survey Showed. 
—In connection with the traffic survey 
conducted by the Erskine Bureau in 
Chicago it has been recommended that 
representatives of the principal truck- 
ing interests, warehouses, labor unions, 
and retail stores be called into a con- 
ference for a thorough consideration of 
the possibility of making full use of the 
off-rush hours for commercial traffic. 


The Chicago survey showed that dur- 
ing a typical business month more than 
69,000,000 lb. of less than carload 
freight was trucked by drays, 13,000 in 
number and a large per cent of them 
horse drawn, through busy retail streets 
during daylight hours. 


“The staggering of business hours 
presents somewhat greater complex- 
ities,” says Dr. McClintock. “It is en- 
tirely possible, however, that certain 
unrelated activities might without dis- 
turbance operate on different schedules. 


“The morning and evening peak traf- 
fic, in bound to business and later out 
bound to the residential districts, is a 
result purely of community habit and 
custom. From period to period the 
working days of individuals have varied. 
It is not more than 100 years since 
factories regularly began their opera- 
tions at daylight and stopped when the 
sun went down, working exceedingly 
long hours in the summer months and 
somewhat shorter hours in winter. 
Opening offices or department stores at 
a certain time in the morning and clos- 
ing at a certain time in the evening is 
merely a matter of generally accepted 
community custom.” 





Wisconsin Road School.—The 16th 
annual road school of the Wisconsin 
Highway Commission and the Wiscon- 
sin County Highway Commissioners’ 
Association will be held in Madison 


from Jan. 25th to 28th, inclusive. 











Time Losses in Concrete Road Construction 


Results of Studies by U. S. Bureau of Public Roads During Construction Seasons of 1925 and 1926 
Reported in December Public Roads 


By ANDREW P. ANDERSON 


Highway Engineer, U. S. Bureau of Public Roads 


All contractors and engineers fa- 
miliar with concrete road construction 
are fully aware that, at best, the actual 
annual production of any outfit is al- 
ways far below the potential produc- 
tive capacity of the mixer. This failure 
to approach the production possibility 
of the controlling equipment is due to 
a large number of reasons which may 
be grouped under two main classes: 
(1) Slow or inefficient operation when 
actually at work; and (2) failure to 
operate at all for more or less extended 
intervals during the working season. 
The more general term of “time losses” 
is usually applied to this second class. 

The first class—slow or inefficient op- 
eration—its causes and effects, as well 
as means and methods for securing 
more efficient production, has been fully 
discussed in previous studies* and will 
therefore be referred to only incident- 
ally in this article. 

During the construction seasons of 
1925 and 1926 the Bureau of Public 
Roads in connection with its studies of 
production engineering made careful 
records on a large number of active 
concrete pavement jobs of the time 


*“Efficiency in Concrete Road Construction,” 
Public Roads, vol. 6, Nos. 9, 10, 11, 12; vol. 7, 
No, 1. 


losses and delays which served to hold 
up production entirely or to reduce it 
below its normal rate. These studies 
are still being continued, but the data 
now cover projects scattered over such 
a wide region as to form what may be 
considered a somewhat representative 
indication of the average conditions un- 
der which a substantial portion of our 


Tans 1.—Average time losses by the mixer in concrete paving 
construction 
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total annual concrete road construction 
is performed. 

If the data accumulated for the past 
two years are representative of aver- 
age conditions, of which there would 
seem to be little doubt, the average con- 
crete paver operating on state road con- 
struction does not reach an average of 
1,000 hours of actual mixer operation 
per season, even when supplied with 


ample work under contract. Some, 
where contracts are short or conditions 
otherwise unfavorable, do not exceed 
500 hours of actual mixer operation. 
For the region covered by these studies, 
which extends from and includes Penn- 
sylvania in the East to Nebraska and 
Oklahoma in the West, and from Michi- 
gan in the North to Texas and Florida 
in the South, 2,000 hours may be con- 
sidered as the available working time 
per season in the more favored sections, 
except for rather limited areas in the 
extreme South, and about 1,500 hours 
as the available time in the less favored 
areas. This is the length of the aver- 
age working season under present pre- 
vailing practice, exclusive of Sundays 
and holidays. This report will there- 
fore review the causes which so greatly 
reduce the actual productive operating 
time in concrete road construction be- 
low that which is apparently available, 
the effect of such time losses, and what 
suggestions such data as are now avail- 
able contain as to how these time losses 
may be reduced. 

Initial and Preparatory Losses.—The 
first kind of time losses encountered by 
the concrete road contractor are those 
involved in securing the contract and in 
preparation incidental to getting onto 


TaBLe 2.—Percentage of total available wenking time lost on account of various causes on several projects 
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the job. These are elusive factors 
about which sufficient definite data are 
as yet unavailable. The rather general 
practice of letting contracts in the 
spring instead of in the fall or early 
winter has a tendency to increase these 
losses. If the contractor fails to se- 
cure a contract at the first spring let- 
ting a considerable portion of the sea- 
son may be lost before another letting 
is held; or where, as is so often the 
case, when the earthwork and struc- 
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tures are let as separate contracts tinese 
contractors may fail to push their 
work with sufficient vigor to permit 
paving operations to begin as early in 
the spring as would otherwise be pos- 
sible or to carry them on consistently 
during the season. The actual extent 
of these losses, however, is largely un- 
known except as they serve to reduce 
the length of the average construction 
season. 

The present studies have, in general, 
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covered only the more tangible losses 
occurring after the arrival of the con- 
tractor on the job in the spring until 
work is discontinued in the fall. Fur- 
thermore, in these studies only definite 
cessations of mixer operation, each of 
15 minutes or more in duration, have 
been classed as time losses. All of the 
unnumerable stops of less than 15 min- 
utes each have been considered rather 
as the natural manifestations of slow 
or inefficient operation than as due to 
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Fig. 1—Rainfall and Time Losses from Rain and Wet Subgrade on Job Near Columbia, Mo., from May 29 to Sept. 25, 1926. 
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the more or less accidental or fortuitous 
causes or circumstances to which we 
are generally accustomed to ascribe 
time losses. For a full discussion of 
such minor and accumulative time 
losses as are due to inefficient man- 
agement, the reader is referred to the 
previously mentioned series of articles 
entitled “Efficiency in Concrete Road 
Construction.” 

On this basis it appears from the 
data accumulated that what might be 
termed the average concrete road con- 
struction outfit from the time it arrives 
on the job until it is closed down for the 
winter actually pours concrete during 
less than 53 per cent of the available 
working time within this period. Nearly 
one-half of the time the outfit is on the 
job and should be engaged in produc- 
tive work is therefore lost for various 
reasons. Tables 1 and 2 show the gen- 
eral average distribution of these time 
losses for the past two working sea- 
sons. The first column of Table 1 shows 
the percentage of the total available 
working time lost on account of more 
important causes, while the second 
shows the percentage which each of 
these causes contributed to the total 
time losses. Table 2 shows the percent- 
age of the total available working time 
lost on each of 32 projects on account 


of the more frequently occurring 
causes. 
The most striking item in these 


tables is the relatively large amount of 
time lost because of rain and wet sub- 
grade. It is very difficult to determine 
just how the losses should be divided 
between actual rain and wet subgrade. 
Apparently, however, less than one- 
fifth of the total time losses here 
charged to the combined causes were 
due to the actual fall of rain during 
working hours. On one fairly typical 
job the total losses charged to rain and 
wet subgrade amounted to 385% hours, 
and of this total only 53 hours were 
due to actual rainfall during working 
hours. The detrimental effect of the 
rainfall on the subgrade or the road or 
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therefore clearly the major factor in 
this class of time losses. 

When so large a proportion of the 
so-called rain losses are caused by the 
effects of rain rather than by the actual 
rainfall, it becomes pertinent to inquire 
whether or not these effects can in 
some way be mitigated so as to reduce 
the time which ordinarily must elapse 
from the cessation of the rainfall until 
operations can be resumed. Similarly, 
equipment will fail to function or break 








Taste 3.—Time losses on a typical job ciassified as avoidable and 
unarodable 
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down, materials will fail to arrive ac- 
cording to scheduled orders, men will 
quit, and a hundred and one other 
things can and do happen to delay or 
prevent the pouring of concrete. The 
total of the time losses from all these 
various causes is even greater than the 
total weather losses, and therefore 
these also deserve careful considera- 
tion. 
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Losses.—As a matter of practical con- 
sideration, the time losses and delays 
incident to present methods of con- 
crete-road construction may be divided 
into those which can be prevented and 
those which can not. But such preven- 
tion as may be possible can only be had 
by the exercise of considerable thought 
and attention and at some cost. The 
problem therefore becomes, in part, one 
of balancing the probable losses against 
the probable gains. 

Table 3 gives in detail the time 
losses on a typical job during a period 
of three weeks. On this project there 
were a number of time losses, amount- 
ing in the aggregate to 43% hours, 
which a little foresight and careful at- 
tention on the part of the management 
would have entirely eliminated or 
greatly reduced. For example, the 
spare mixer cable could just as readily 
have been carried with the mixer as left 
at the main office, and the wait of an 
hour and a quarter could thus have 
been eliminated without extra cost. 
Similarly, when the new cable was in- 
stalled the clamps could have been 
properly tightened just as readily as 
not and 3 hours and 50 minutes of fur- 
ther loss could thus have been pre- 
vented. On the other hand, a few 
planks to bridge the heavy trucks over 
occasional soft spots in the subgrade 
would have required some outlay in the 
first instance and would have entailed 
some expense for keeping them with 
the outfit and available as needed, but 
this expense would have been small in 
comparison with the value of the 3% 
hours lost because of their absence. 
Table 4 contains a summary of the time 
losses on this job for a period of four 
months, classified so as to group to- 
gether those which were unavoidable on 
the one hand, and those which could 
have been avoided by intelligent man- 
agement on the other. 

Perhaps one of the major reasons 
why so few road contractors make any 
really systematic efforts to reduce their 
time losses is that they do not know 
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Fig. 2—Rainfall and Time Losses from Rain and Wet Subgrade on Job in Bowie County, Texas, from June 7 to Sept. 11, 1926. 
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such losses under given conditions. All 
contractors, of course, know that time 
losses and delays do occur and that 
they make serious inroads into their 
expected or hoped-for profits. But, in 
general, such disruptions of their pro- 
duction plans or schedules are usually 
charged simply to luck or to the impos- 
sibility of foreseeing or preventing 
them. 

Yet a number of such disruptions 
and delays can be shown to have a 
sufficiently high probability to be 
worthy of very serious consideration. 
Table 2, which is a summary of the 
time losses on 32 projects for more or 
less extended time periods, shows that 
while no two jobs suffered exactly to 
the same extent or in the same way, 
yet none escaped losses of rather seri- 
ous proportions. The most common 
losses were from rain and wet subgrade 
even on jobs which ran for compara- 
tively short periods during midsummer, 
but all weather losses together and the 
moving loss, which is generally un- 
avoidable, account for only a little more 
than half of the total delay on the 
average project. Of the other losses, 
which are largely avoidable, the most 
serious were those caused by lack of 
prepared subgrade, by insufficiency or 
breakdown of the hauling eugipment, 
by lack of materials, and by mixer and 
water troubles. Of the 32 projects 
listed in Table 2, 27 suffered to a 
greater or less degree from lack of pre- 
pared subgrade, 23 from insufficiency 
of hauling equipment, 14 from material 
shortage, 25 from mixer trouble, and 24 
from water trouble. 

There are therefore three important 
questions confronting the contractor: 
(1) The kind, persistence, and extent of 
his present time losses; (2) the cost of 
such losses; and (38) the cost and cer- 
tainty of the measures which may be 
adopted to eliminate or reduce the loss. 

No two jobs exhibit exactly the same 
conditions. The data presented in this 
paper merely illustrate tendencies and 
possibly indicate very roughly the aver- 
age probabilities. Each contractor 
should keep an accurate daily record as 
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to the amount and cause of all losses, 
and this record should be summarized 
weekly, monthly, and for the job and 
season. Such data will soon form a 
real working basis from which to judge 
the value of efforts to reduce the losses 
shown to be occurring on his own jobs. 
General averages as well as particular 
data from jobs other than his own, un- 
less all the attendant conditions are 
known, are apt to prove misleading if 
they are considered as other than gen- 


Taste 4.—Analysis of time losses during the working season on 
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pF SSE RI PE ae 32 35 
Improper subgrade drainage... ..............-. 35 30 
DT Sh. nacobaansubesneseanuetaumnns 19 60 
% unnecessary move with oes outfit, . 17 0 
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Puor engineering and inspection... -~, ......- 9 +O 
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I ncincdacstanadorneaichows 7 35 
Getting late start in morning... ...........—-. 5 4 
CO eee 4 12 
Outfit stopped work. for an expected rain; no 
CL ee ee eee 2 45 
aes up new finishing machine. -.-. -_-- - oan 2 3 
Jsing 2 old worn-out —— machines. - . . . . . 1 40 
Loaders at loading plant.._._................ 45 
Total avoidable délay . ..................-. 297 35 
Total time mixer should have operated during 
the construction season _................. 745 26 
Time lost in unavoidable delays: 
be subgrade ‘due to previous rain... -......... 297 25 
n during working hours... -. nnenbemwwe 53 «OO 
Moving outfit to new logation. - - - - . . - - —s f4 15 
Mixer, mechanical trouble. _ -.............--- 13 10 
Miscellaneous delays - EE I 1 
Total unavoidable delay __...............-- 419 §& 
Total number of working hours in construction 
season from May 25 to ray, 26, 1926 (aver- 
age —* of | wating mda 10 hours 30 
minutes) _. ...- 1164 30 
Miles 
Total production during construction season... -. . . ..... & 56 





' Delays of less than 15 minates duration occurring during the hours that the. miverc: 


was in operation are not shown in this analysis 


eral indications of the possibility of 
loss. 

Time Losses Expensive.—Many con- 
tractors fail to realize the actual ex- 
tent of the losses incurred when pro- 
duction is interrupted. The amount ap- 
pearing on the pay roll is usually ac- 
cepted as the measure of these losses, 
whereas it is far from the true meas- 
ure. On a job on which the pay roll 
amounts to only from $200 to $300 a 
day, the total fixed charges which must 
be met during the working season may 
readily amount to from $15,000 to $20,- 
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000. Included in these fixed charges, in 
addition to the straight-time or con- 
tinuing pay roll, are the interest and 
depreciation on plant and equipment 
which, on a modern job involving pave- 
ment construction only, may readily ex- 
ceed $50,000 and even reach $100,000. 
As improved euipment is constantly be- 
ing introduced and as the up-to-date 
contractor feels that he must keep step 
with such improvements, the amount of 
the fixed charge for equipment is a 
product of obsolescence rather than 
wear and tear, and depreciation is 
properly chargeable on a straight-time 
rather than an actual operating-time 
basis. And the same is true of the 
other fixed charges, including insur- 
ance, taxes, truck licenses, the cost of 
securing the job, and getting to and 
from it, and no inconsiderable part of 
the pay roll—all are practically fixed 
for the season and independent of the 
number of hours of actual production. 


All these costs and expenses as well 
as the profits expected must be earned 
during the hours of actual production; 
and, as has been stated, the fixed 
charges may readily amount to from 
$15,000 to $20,000.. Consequently, if 
concrete can be poured during 1,000 
hours the fixed costs will average 
somewhere between $15 and $20 per 
hour; and if only 500 hours can be so 
utilized during the season the hourly 
charge to pay these fixed costs must be 
raised to $30 or $40 per hour. Obvious- 
ly, with fixed charge so heavy little or 
nothing is left for profits, even though 
the hourly rate of production be fairly 
high. Hence it follows that every hour 
of available time which can be convert- 
ed from non-production into normal 
production represents a very definite 
financial gain to the contractor. 


Some kinds of time losses are more 
expensive than others. Thus, interrup- 
tions to actual production, such as 


‘waiting for trucks or trains to deliver 


materials, waiting while subgrade is 
prepared or while a break in the water 
pipe line is being repaired, usually in- 
volve full-time payment of the entire 
crew; whereas full or half day lay offs 


TaBLe 5.—Time losses, in hours, in summer and fall 
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because of more prolonged interrup- 
tions, such as rain and wet subgrade, 
failure of materials to arrive at the 
yard or serious breakdowns of the con- 
trolling equipment, usually involve only 
the full-time payment of a compara- 
tively small portion of the personnel. 
If, therefore, the lay off is not pro- 
tracted it may be less expensive than 
the numerous short-time interruptions 
which occur during the working day. 
If, on the contrary, it is prolonged, 
men are apt to quit and the organiza- 


ROADS AND STREETS 


tion otherwise becomes more or less 
disrupted and then a serious loss re- 
sults. Very rarely do we find produc- 
tion during the first day after a pro- 
tracted period of idleness proceeding at 
its normal rate. Sometimes the effect 
is clearly apparent for two or three 
days. 

Loss Can Be Reduced By Careful 
Management.—To what extent and 
with what degree of success the vari- 
ous kinds of time losses can be reduced 
will depend very largely on the ingenu- 
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ity and resourcefulness exercised by the 
management. Poor management is 
certain to produce proportionately 
large time losses. Conversely, the em- 
ployment of a really high-grade, able 
job superintendent is the best insur- 
ance against excessive losses from 
these causes as well as the best and 
probably the only road to really con- 
sistent and efficient production. 
Intelligent production managers have 
long sought to prevent, or at least to 
reduce, interruptions and delays 
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Fig. 3—Rainfall and Time Losses from Rain and Wet Subgrade on Job in Bowie County, Texas, from April 16 te Aug. 15. Rainfall at Nearest Sta- 


tions to the East Shown by Full Lines and That at More Distant Stations to West, by Dash Lines. 
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through a careful planning of the de- 
tails and sequence of every operation, 
together with an intelligent forecast of 
the difficulties which may be encount- 
ered and the means to be adopted for 
their elimination. In such work it is 
not uncommon to find considerable ex- 
penditures devoted entirely to decreas- 
ing or preventing the possibility of cer- 
tain probable delays or interruptions. 
The justifiable limit of such expendi- 
tures is dependent on the cost with such 
interruptions or delays would incur, the 
probability of their occurrence, and the 
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vance of all probable construction re- 
quirements as a simple matter of insur- 
ance against delays due to the possible 
failure of such materials to arrive in 
exact conformity with the construction 
requirements. The cost of the extra 
handling, interest charges, stock-pile 
losses, etc., are often considerable. Yet 
many contractors find the incurrence of 
these extra costs a profitable venture. 
Many contractors also make it a prac- 
tice to carry in stock on the job a sup- 
ply of certain repair parts for the con- 
trolling equipment, and find that they 
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ther extension with equally beneficial 
results. 

Subgrade Drainage Saves Money.— 
Examples of points at which a begin- 
ning for such extension might be made 
will readily come to mind. Thus, on 
one job during the past summer 35% 
hours of possible mixer operation were 
lost because of the continued failure to 
provide means for subgrade drainage. 
Forty cents worth of common labor 
each day of the hundred or more in the 
working season would have made 
ample provision for any water which 
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Fig. 4—Rainfall and Time Losses from Rain and Wet Subgrade on Job Near Okmulgee, Okla., June 14 to July 17, 1926. 


degree of certainty with which they can 
be decreased or eliminated. In other 
words, expenditures of this kind are 
wise and profitable up to some point 
less than the lower limit of their actual 
insurance value. Beyond that point it 
is better to accept the loss if it comes 
than to make the relatively large ex- 
penditures necessary for reducing the 
probability of its occurrence. 

To some extent these modern man- 
agement methods in regard to interrup- 
tions and delays to production are in 
general use in concrete road construc- 
tion. Thus, cement and often sand and 
stone or gravel are ordered well in ad- 


are able thereby greatly to reduce 
many delays that otherwise would 
prove long and costly. 

These are some of the lines which 
concrete road contractors have rather 
generally adopted in their efforts to in- 
sure continuity of production. When- 
ever intelligently applied in conformity 
with the requirements of the particular 
job the results have generally been 
satisfactory. The data assembled by 
the Bureau of Public Roads during the 
past two years clearly show the bene- 
fit of such precautions and point to 
other fields in which modern manage- 
ment methods might possibly find fur- 


might fall during the night to escape 
to the side ditches. But no provision 
was made, with the result that during 
each rain water collected between the 
forms as in a pond until such time as 
men could be sent out to dig the neces- 
sary outlets. During one 10-day period 
this occurred three times. Here, then, 
is a case where about $50 worth of 
common labor plus a small amount of 
direction and forethought would have 
saved the contractor during the season 
at least 35 hours for additional produc- 
tion—worth in this particular case at 
least $1,200. This one item may also 
offer some explanation as to why this 
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contractor out of a total of 1,164% 
available hours from the opening of the 
season until September 26 succeeded in 
utilizing only 448 hours in actual pro- 
duction. Of the total time losses, 386 
were charged to rain and wet subgrade, 
although rain actually fell only during 


53 hours of the working time. Further 
details of this project are given in 
Table 4. 


It is in meeting and overcoming con- 
ditions of this kind that intelligent, re- 
sourceful management will find its 
greatest field of economic usefulness. 
Better methods for providing surface 
drainage as well as for handling the 
actual operations of subgrading and 
form setting with a view to mitigating 
the effects of rainfall are undoubtedly 
possible. Such methods might, in the 
first instance, be considerably more ex- 
pensive than the prevailing methods 
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assigned to some one entirely without 
experience in the work. Possibly it is 
the fact that this is generally the case 
that is responsible for the idea, firmly 
established among road _ contractors, 
that the maintenance of unimproved 
reads will not pay. The probability 
that it will pay if it is properly han- 
dled is indicated by the fact, that, on 
the typical projects observed by the 
bureau representatives during the past 
two years, an average of 8.6 per cent 
of the total time losses was caused by 
the hauling equipment. This does not 
include the time losses due to the road 
being too wet or soft for hauling, al- 
though the subgrade was dry enough 
to permit the pouring of concrete. The 
total losses suffered under this condi- 
tion are not known. As the distinction 
is rather difficult to make, such losses 
are generally charged to rain and wet 
However, there was one job 
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made on a given job are fully discussed 
in previous issues of this magazine.* 
The amount of time consumed in making 
these moves, however, seems to be so 
large that a considerable reduction 
should be possible when the contractor 
fully understands the actual, monetary 
loss incurred every day his equipment 
is nonproductive. In selecting equip- 
ment one of the factors which should 
be given careful consideration is that 
of mobility or ease of dismantling, 
transporting, and reassembling, not 
only of individual units but also for the 
entire plant. The various details of the 
entire operation of moving should be 
planned as carefully as the operations 
involved in the placing of the concrete. 

Waiting for the subgrade to be pre- 
pared. accounted for 9 per cent of the 
total time losses on the projects studied. 
These losses should be possible of en- 
tire elimination. With very few excep- 
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they can be shown to be dependable in 
materially reducing the time losses be- 
low the normal expectancy under pres- 
ent methods. 

Frequently the roads over which the 
materials for new construction must be 
hauled are unimproved or in a very bad 
state of repair. Roads of this kind re- 
quire a considerable amount of well- 
directed, systematic maintenance to 
make possible such orderly operation 
of the hauling equipment as will elim- 
inate mixer delays without the use of 
a large oversupply of trucks. Such 
maintenance is also usually essential to 
the early resumption of hauling after 
rains. Yet, in spite of these well- 
known prerequisites and the further 
well-known fact that such maintenance 
will often more than pay for itself in 
lower hauling costs and less wear and 
tear to the equipment, one rarely finds 
a contractor who makes even a pretense 
of systematic maintenance. In the few 
cases which came under the observation 
of bureau representatives, where majn- 
tenance was attempted it was generally 





on which the distinction was made; and 
on that job, which showed about an 
average distribution of time losses, 
more than 10 per cent of the total losses 
charged to rain and wet subgrade were 
really due to the fact that the hauling 
road was too wet or soft for operation 
of the hauling equipment. On this job 
the contractor lost about $150 per 
month because the road did not dry suf- 
ficiently fast to permit hauling as soon 
as the subgrade was dry enough for 
pouring concrete. Careful, systematic 
maintenance would, no doubt, largely 
have eliminated this loss. 

Other Preventable Losses.—Moving 
from one set-up to another during the 
working season seems to consume 
much more time than is generally be- 
lieved. The average for all the jobs 
studied during the past two years was 
10.1 per cent of the total time losses, 
the second largest item on the list. 
Sometimes more moves are made than 
conditions really warrant. The economic 
factors involved in determining the 
number of set-ups which should be 


5—Rainfall and Time Losses from Rain and Wet Subgrade on Job Near Fulton, Mo., from June 14 to Sept. 4, Inclusive. 


tions they are wholly chargeable to 
poor management. On the average job, 
as shown by these studies, their entire 
elimination would be worth from $2,000 
to $3,000 per season—a sum sufficient 
to more than pay the difference in 
salary as between a poor and a good 
superintendent. 


The remaining time losses, such as 
those due to poorly operated or insuf- 
ficient hauling equipment, mixer trouble, 
lack of materials at the supply yard, 
water supply, and the various miscel- 
laneous causes, all of which comprise 
about 33 per cent of the total average 
time losses or about 16 per cent of the 
total available time, are also very 
largely a question of management. 
Few, if any, of these losses can be en- 
tirely eliminated without incurring ex- 
cessive expenditures. But there would 
seem to be little reason to doubt that 
all can be reduced and some very ma- 
terially. This is shown so clearly on 





*“Efficiency in Concrete Road Construction,” 
—- Roads, vol. 6, Nos. 9, 10, 11, 12; vol. 7, 
o. 1. 
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the observed jobs on which the man- 
agement was of an especially high or- 
der as to be subject to little or no 
question. 

Thus, on one job blessed with an ex- 
ceptionally able superintendent but 
otherwise fairly typical of the many 
jobs studied, the total time losses from 
all causes during the period from April 
22 to Sept. 18, inclusive, consumed less 
than 30 per cent of the total available 
working time as compared to 47 per 
cent for the average job. (See Table 2, 
project 8.) As the season was rather 
rainy and the soil a heavy clay, the 
losses due to rain and wet subgrade 
were about average, or 21.6 per cent. 
Moving from one set-up to another, 
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the nonproductive time from 300 hours 
for the average job to only 28% hours 
on this particular job represented an 
actual money value of more than $8,000 
if we consider only the direct loss the 
firm would have sustained if the outfit 
had remained idle the longer period. 
But on this job the rate of production 
was exceptionally high, not just for 
short periods but was so maintained 
consistently throughout the entire .sea- 
son. Thus every hour of available work- 
ing time utilized in actual production 
doubtless represented a considerable 
profit. While this project offers the 
most outstanding example of the ben- 
efits of good management so far en- 
countered, it differs from several oth- 
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or silt. The amount and distribution 
of rainfall also differs from place to 
place. No constant relation between 
the amount of rainfall and the time 
lost because of rain and wet subgrade 
is therefore to be expected. However, 
it may be possible under given condi- 
tions to approximate the probable loss 
of time by consultation of past rainfall 
records, and such a forecast is valuable 
as an estimating guide even if nothing 
can be done to reduce the time loss. 
To ascertain what relation existed on 
the projects observed a number of them 
were selected for special study with 
this point in mind. No attempt was 
made to measure the rainfall actually 
occurring on the job; but data were ob- 
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Fig. 6—Rainfall and Time Losses from Rain and Wet Subgrade on Job Near Guthrie, Okla., June 21 to July 31, 1926. 


or from one section to another, also re- 
quired about the normal amount of 
time; but all other time losses were re- 
duced to a remarkably low percentage, 
and some were eliminated entirely. 
Thus no time was lost waiting for sub- 
grade to be prepared nor from faulty 
operation of the mixer, nor because of 
the water supply. In fact, the total 
time losses on this job during the pe- 
riod indicated from all causes other 
than rain, wet subgrade, and moving 
amounted to only 2 per cent of the total 
potentially available working time as 
compared with 20 per cent of the avail- 
able working time lost from these 
causes on the average job during the 
season. — 

Even in the short working season, of 
1,500 available hours, this decrease of 





ers only in degree. All the studies in- 
dicate that the relative size of the pre- 
ventable time loss recorded is a fairly 
good indication of the quality of the 
management on the job. Poor manage- 
ment seems to be invariably associated 
with relatively large preventable or 
reducible time losses, while under able 
management these time losses are re- 
duced to relatively minor importance. 

What of the Weather Losses?— 
Rainfall and its effects on the subgrade 
and the road or track over which the 
materials are hauled, together with 
frost and cold weather, was the cause 
of nearly one-half of the average time 
lost on all jobs studied. These losses 
naturally vary greatly from job to job. 
A sandy or gravelly, porous soil will 
dry far more quickly than a heavy clay 





tained from the nearest weather sta- 
tion for the period of the job. In some 
cases the stations were located very 
close to the job. But, as rainfall often 
varies considerably in a short distance, 
there can be no definite assurance that 
the records represent the exact rainfall 
as it occurred on the road. Nor is as- 
surance necessary. The contractor or 
superintendent who wishes to’ learn 
something of the. weather that may be 
expected on a prospective job in order 
that he may make a suitable allowance 
for delays and be prepared to meet and 
overcome the resulting difficulties gen- 
erally will have no more definite source 
of information than the past records 
of the nearest weather recording ‘sta- 
tion. As kept by most stations, these 
data show the rainfall, temperature, 
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and state of weather during each 24 
hours, and the normal or average con- 
dition for each month—all of which 
may be of importance in forecasting 
the probable conditions on any given 
job. 

Figure 1 shows the weather and rain- 
fall during the past season on one road 
that was largely on new location. The 
soil beneath the surface was fairly 
heavy clay on the hills and heavy silt 
or gumbo along the streams. About the 
only indicated relation is that a half 
inch or more of rainfall caused a de- 
lay of at least one entire working day. 
Smaller rainfall, if limited to one day, 
apparently caused relatively large or 
small time losses depending on the 
time of day when it occurred. For the 
period May 29 to Sept. 25, inclusive, 
we find that an average of 19.4 hours 
working time were lost for each inch 
of rainfall. 

Figure 2 shows another job located 
on an old right of way and a somewhat 
lighter soil. Here, apparently, a rain- 
fall of nearly % of an inch was neces- 
sary to cause a delay of a full working 
day. Here also, for the period involved, 
the average time lost per inch of rain- 
fall was only 12 hours. 

Figure 3 shows the rainfall as re- 
corded at two stations between which 
another project was located. It will 
be noted that the rainfall was consid- 
erably different at these two stations 
and that the time losses on the project 
do not correspond very closely to what 
would be expected from the rainfall 
measured at either station. The last 
time loss of three full days was largely 
due in the first part to a local rain 
which did not extend to either station. 
Based on the rainfall as recorded at 
the nearest weather station, and elim- 
inating the time loss due to the local 
rain, we find that each inch of rainfall 
during the period involved caused an 
average loss of 15.0 hours of working 
time while if we use the rainfall at the 
other station as a basis only 12.2 hours 
of working time were lost per inch of 
rainfall. Figures 4, 5 and 6 illustrate 
further the relation between rainfall 
and the working time lost to actual pro- 
duction. 

Fall Weather Losses Large.—There 
are so many variable factors which en- 
ter into the relation between rainfall 
and time losses that the data so far 
available from the present studies war- 
rant no definite conclusions except in 
regard to one point; namely, that an 
equal amount of rainfall and equal dis- 
tribution under a given condition will 
cause a much longer delay in the fall 
or early spring than in the summer. Con- 
sequently, the contractor who permits 
possible hours of summer operating 
time to escape in the hope of making 
up lost time by operating a little later 
in the fall or starting operations a 
little earlier the next spring is gamb- 
ling against heavy odds. Table 5 gives 
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the time losses on a number of fairly 
typical jobs for the months of July and 
October, respectively. Here we find 
that in spite of numerous attempts to 
work overtime on good days in October 
the time losses averaged 64 per cent 
in October as against 35 per cent in 
July for these jobs. This difference is 
almost entirely due to the time losses 
caused by rain, cold weather, and wet 
subgrade. 

The time of day at which rainfall 
occurs, its intensity or duration, as well 
as the time between rainfalls probably 
under some conditions affect the 
amount of time lost more than the actual 
amount of the rainfall. Comparatively 
small rainfall occurring during working 
hours will stop work and if falling on 
a subgrade but little past the point per- 
mitting work will generally cause a 
much longer delay than the same 
amount falling under identical condi- 
tions except on a thoroughly dry sub- 
grade. 


Although the data herein presented 
are not sufficient to warrant definite 
conclusions, they do indicate that cer- 
tain very similar conditions exist on 
many projects, and that these condi- 
tions have a tremendous influence on 
the actual cost of the completed work. 
They indicate also that nearly half of 
the average time losses are due to 
causes which are or can be made sub- 
ject to the control of the contractor. 
With increasing skill and ability in 
management we may expect to find this 
type of time loss reduced in the future. 
The other half of the losses due directly 
and indirectly to adverse weather con- 
ditions it is clearly impossible to elim- 
inate entirely and such losses are there- 
fore amenable only in part to manag- 
erial control. All of the data so far 
assembled, however, seem to indicate 
that a goodly proportion of the time 
lost now as the direct or indirect result 
of rainfall is not inherent in the nature 
of the physical conditions, but rather, 
at least in part, is due to difficulties 
inherent in or connected with the pres- 
ent methods of operation and manage- 
ment. Therefore as the probability 
ratio of the various forms of loss and 
the financial burden they place upon 
the contractor become better known, 
the faults of our present means and 
methods will surely be corrected. 


If, under certain conditions, we find 
that on the average $50 worth of at- 
tention to surface drainage of the pre- 
pared subgrade is reasonably certain to 
save for productive operation time 
worth 20 times that expenditure, then 
the needed attention to surface drain- 
age will be readily forthcoming. Sim- 
ilarly, if proper attention to the main- 
tenance of the road over which the 
hauling is done can be shown to yield 
certain profits above its cost, then such 
maintenance will become a regular part 
of the hauling plan. On one point, the 
data obtained are probably conclusive 
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and that is that under anything like 
identical conditions the time lest will 
vary inversely with the ability of the 
management. 


Studies of Workability of 
Concrete 


From December Technical News Bulletin of 
U. S. Bureau of Standards 





In the study of the workability of 
concrete a new method has been de- 
vised and a preliminary series of tests 
completed. The new apparatus is con- 
structed as follows: A flexible mold 6 
in. high and 8 in. in diameter was made 
of a sheet of phosphor bronze 1/16 in. 
in thickness. The bottom edge of tne 
cylinder was ground to a plane and 
placed on a section of plate glass. The 
top of the cylinder was fitted with four 
small rollers so that a weighted frame 
could be placed on them to hold the cyl- 
inder down on the glass plate. Two 
2 by 4 in. oak bars were placed on 
rollers and parallel to each other on 
the outside of the cylinder. These bars 
were attached by means of a system of 
pulleys and cords to a load pan. A 
small batch of concrete is mixed and 
placed in the cylinder to the depth of 
5 in. A weight is placed in the load 
pan and the cylinder of concrete 
squeezed between the two bars. The 
reduction of the diameter of the cylin- 
der is taken as a measure of the work- 
ability of the concrete. This reduction 
is greater the more workable the con- 
crete. 

In the field it has been observed that 
when enough water is added to a con- 
crete mix to give a % to 1 in. slump it 
is dry and very difficult to shovel. A 
small increase in the quantity of water 
will increase greatly the ease of shov- 
eling. The curves obtained by tests 
using Potomac River sand and gravel 
graded to % in. with the new apparatus 
indicate this marked change. They 
also indicate that up to a certain point 
additional water increases the work- 
ability to a marked degree, but after 
this point is passed relatively large ad- 
ditions of water to the concrete have 
very little effect upon the workability 
until enough water is added to cause 
the materials to segregate. 

It is planned to continue the inves- 
tigation with an improved type of ap- 
paratus that is at present in the design 
stage. 





Convict Labor Road Work in Cali- 
fornia.—During the period July 1, 1924 
to July 1, 1926, 30 miles of highway in 
California were graded by convict labor 
at an outlay of $1,882,900, according to 
the biennial report’ of the California 
State Highway Commission. In the re- 
port Robert M. Morton, State Highway 


Engineer, recommends that the legisla- - 


ture appropriate $1,800,000 for opera- 
tion of the convict road.camps. 
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Chicago Road Convention and Show 


Information Regarding the Annual Meeting of the American Road Builders Association and Exhibits 


of Machinery, Methods and Materials for the Construction and 


The 24th annual convention and 
road show of the American Road Build- 
ers Association, which will be held in 
Chicago Jan. 10-14, promises to sur- 
pass by far anything of the kind ever 
held. The present indications are that 
the attendance of highway officials, 
contractors and engineers will be 
greater than at any previous conven- 
tion of the association. The meetings 
of the convention will be held at the 
Palmer House Hotel. Special highway 
exhibits will be shown in the foyer of 
the hotel. These exhibits will be made 
by the American Association of State 
Highway Officials, Bureau of Public 
Roads, Highway Research Board, U. S. 
Department of Commerce and between 
ten and fifteen states, as well as Alaska 
and Canada; and several of the Pan- 
American countries. The road show 
as in previous years, will be held in 
the Coliseum and adjoining buildings. 

Wm. Ogden, of the Lakewood En- 
gineering Company, is chairman of the 
Registration Committee, and plans have 
been made for a more complete regis- 
tration than ever before. 

Registration cards have been mailed 
in advance and will also be distributed 
during the convention. They are in 
the form of an admission card and will 
be exchanged for a badge at the Coli- 
seum door. There is no charge for ad- 
mission but everyone is required to 
have an admission card. 

The Annual Road Builders Banquet 
will be held in the Grand Ball Room of 
the new Palmer House Hotel. P. L. 
Griffiths, of the American Tar Products 
Co., and chairman of the banquet com- 
mittee, has made arrangemerts for 
2,000 reservations. The requests for 
tickets indicates that every reservation 
will be taken. 

A speaker of national reputation will 
be one of the features of the banquet. 

Each day during the convention the 
“Highwayman” will be published. This 
paper will be in charge of R. M. Arun- 
del. It will contain the convention pro- 
gram, a list of the daily events and 
other items of interest to those at- 
tending, and will be distributed free 
of charge at the convention and road 
show. 

The official headquarters of the 
American Road Builders’ Association 
will be at the Palmer House Hotel. 
Chas. M. Upham, the business director 
of the association, is managing the con- 
vention and road show, and his office 
will be Room 661, at the Palmer House. 


The Convention 


President Shirley has set aside the 
first day of the convention, Jan. 11, 
as Governors’ Day, the second day as 





Pan-American Day and the third day 
as States’ Day. 

F, A. Reimer, of East Orange, N. J., 
is chairman of the Governors’ Day 
Committee. Governor Small of Illinois 
will address the opening meeting of 
the Convention; and arrangements have 
been made for entertaining all present 
and former governors attending the 
convention. 

Co-Chairmen of the Pan-American 
Day Committee are Mr. F. Diaz Leal, 
of Comision Nacional de Caminos of 
Mexico, and Col. R. Keith Compton, Di- 
rector of Public Works of Richmond, 
Va. 

A number of the Pan-American rep- 
resentatives will appear on the pro- 
gram, and an inspection of the Road 
Show will be made. In the evening 
the delegates will be honor guests of 
the American Road Builders’ Associa- 
tion at the annual Road Builders ban- 
quet. 

Dr. Fons Hathaway, Chairman of the 
Florida State Highway Commission, is 
chairman of this committee. Many of 
the states will have exhibits and the 
states will be represented by a large 
number of delegates. 

The Program of the Convention.— 
H. K. Bishop of the Bureau of Public 
Roads is chairman of the Program 
Committee and has announced that on 
account of the tremendous approval it 
received of last year’s convention of 
its double program plan, this year’s 
program will be carried out in the same 
way. P. M. Tebbs of the Pennsylva- 
nia State Highway Commission is chair- 
man of the Engineers’ Sessions and 
S. M. Williams, of the Autocar Com- 
pany, is chairman of the Constructors’ 
Sessions. The Engineering Sessions 
will be carried on in the Grand Ball 
Room of the Palmer House and the 
Constructors’ Sessions in the Red Lac- 
quer Room. An exceptionally fine pro- 
gram has been arranged as may be 
seen from the advance announcement 
which follows: 


TUESDAY, JANUARY 11, 1927 
GENERAL SESSION 
THE GOVERNORS’ DAY 
Tuesday Morning at 10:00 
Grand Ball Room, Palmer House 


Presiding—Mr. Henry G. Shirley, President, 
American Road Builders’ Association, Chair- 
man, State Highway Commission of Virginia. 

Opening Address by the President. 

Addresses by: 

Honorable Len Small, Governor of Illinois. 

| ey Wm. E. Dever, Mayor of Chicago. 

Thomas H. MacDonald, Chief, U. S. Bureau 
of Public Roads. 


ENGINEERS’ PROBLEMS 


Tuesday Afternoon at 2:00 
Grand Ball Room, Palmer House 


Presiding—Mr. George F. Schlesinger, Director, 
i cma of Highways and Public 
orks. 


General Subject—Work Preliminary to 
Construction 
Ultimate Highway Developments, Widening 
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Maintenance of Highways 


Trunk Lines vs. Adding Parallel Highways 
Ben H. Petty, Assistant Professor of Highway 
Engineering, Purdue University, Lafayette, 
Indiana. 

Economic Selection of Type 
. E. Breed, Consulting Engineer, New York 

ty. 

Local Highway Development 
Colonel Woolsey Finnell, 
Tuscaloosa, Alabama. 

Load Factor as an Element in Design 
T. Warren Allen, Chief, Division of Control, 
= & Bureau of Public Roads, Washington, 


CONSTRUCTORS’ PROBLEMS 
Tuesday Afternoon at 2:00 
Red Lacquer Room, Palmer House 
Presiding—Mr. Alan J. Parrish, President, 
Illinois Association of Highway and Municipal 
Contractors. 
General Subject—Contracting as a Business 
Contractor and Constructor Defined 
J. H. Ellison, President, Associated General 
Contractors of America, Vice-President, Wins- 
ton-Dear Company, Minneapolis, Minnesota. 
Profit in Industry 
H, A. Wheeler, Vice-President, Union Trust 


Probate Judge 


Company, Chicago, Illinois ; Former President, 
United States Chamber of ‘Commerce. 


What Is a Fair Profit in Highway Construction ? 
Mr. George Drake, Johnson, Drake & Piper, 
Minneapolis, Minnesota. 


Summary of Observations 
E. A. St. John, President, 
Company, New York City. 


WEDNESDAY, JANUARY 12, 1927 
GENERAL SESSION 
PAN-AMERICAN DAY 

Wednesday Morning at 10:00 
Grand Ball Room, Palmer House 
Presiding—Mr. Diaz Leal, Mexico. 


National Surety 


Presiding—Mr. R. Keith Compton, Director, 
Department of Public Works, Richmond, 
Virginia. 


oes Highway Problem 
A. James, Chief Engineer, Toronto and 
York Roads, Commission, Toronto, Canada. 
The Highway Situation in Mexico 
Mr. Andres Ortis, Department of Communi- 
cation, Mexico, 
Chilean Policy of Road Construction, Mainte- 
nanee, and Finance 
Mr. Benjamin Gonzalez Cohn, Secretary of 
the Chilean Embassy and formerly of the 
Public Works, Division of the Government of 
Chile, Santiago. 
Road Construction in Cuba 
Mr. Manuel Alberto Coroalle, Construction 
Engineer for the Cuban Department of Public 
Works, Havana, Cuba. 
Tentative acceptances have been made by 
Argentine, Peru and Santa Domingo to dele- 
gate engineers to present papers. 


BUSINESS MEETING 
4:30 P. M., Palmer House 
ROAD BUILDERS’ ANNUAL BANQUET 
Grand Ball Room, Palmer House, 7:00 P. M. 


ENGINEERS’ PROBLEMS 
Wednesday Afternoon at 2:00 
Grand Ball Room, Palmer House 


Presiding—Mr. Cyrus S. Avery, Chairman, 
Oklahoma Department of Highways. 
General Subject—Construction 
Latest Improvements in Construction Methods 
. Piepmeier, Chief Engineer, Missouri 
State Highway Commission. 

Contract Control and Engineering Service _ 
Leslie R. Ames, Acting State Highway Engi- 
neer, North Carolina State Highway Com- 
mission. 

Control of Materials and Results 
H. S. Mattimore, Engineer of Tests and 
Materials Investigation, Pennsylvania De- 
partment of Highways. 

Best Method of Control 
Pavement Quantities 
F. E. Kelly, Acting Chief, Division of Tests, 
Bureau of Public Roads. 


and Payment for 
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CONSTRUCTORS’ PROBLEMS 
Wedhesday Afternoon at 2:00 
Red Lacquer Room, Palmer House 
Presiding—Mr. Edward McGrady, President, 


Associated Pennsylvania Constructors, Harris- 
burg, Pennsylvania. 
General Subject—Practical Operating Methods 
Estimating and Cost Accounting for Highway 
Construction 
R. C. Jacobs, President, Juinata Paving Com- 
pany, Philadelphia, Pennsylvania. 
Value of Engineering Representation in Con- 
tracting Organizations 
W. M. Wilmore, Vice-president, Wabash Con- 
struction Company, Vincennes, Indiana. 
State Versus Contractor’s Control of Material 
Do Contractors Charge Equipment Rental 
Sufficient to Pay the Interest on the Invest- 
ment, Operating and Replacement ? 
C. <A. Eijchelberger, Equipment Engineer, 
Pennsylvania Department of Highways, Har- 
risburg, Pennsylvania. 


THURSDAY, JANUARY 13, 1927 
ENGINEERS’ PROBLEMS 
Thursday Morning at 10:00 
Grand Ball Room, Palmer House 
+ + wi Thos. J. Wasser, Jersey City, 


General Subject—Operation and Maintenance 

Selection, Use and Care of Equipment 
Ww Root, Maintenance Engineer, Iowa State 
Highway Commission. 

Maintenance Iils, Their Diagnosis and Cure 
William H. Connell, Acting Secretary of 
Highways and Engineering Executive, Penn- 
sylvania Department of Highways. 

Subgrade Effects Upon Highway Maintenance 
Prof. Frank H. Eno, Ohio State University, 
Columbus, Ohio. 


CONSTRUCTORS’ PROBLEMS 
Thursday Morning at 10:00 
Red Lacquer Room, Palmer House 
Presiding—Mr. W. J. Wilkinson, President, 
Northern California Chapter, Associated Gen- 
eral Contractors of America, San Francisco, 
California. 

General Subject—Enlargement of Con- 
tractors’ Field Benefiting Political 
Subdivisions 

Is the Contractor’s Loss a Public Gain? 
Robert B. Brooks, Director, Streets and 
Sewers, St. Louis, Missouri. 

Economic Waste in Construction of Public Work 

by Day Labor 
General R. C. Marshall, General Manager, 
Associated General Contractors, Washington, 


Benefits of Highway Contractors Associations 
to the Contractor, Political Subdivisions and 
the General Public 
William F. Lodge, Contractor, Former Presi- 
dent, Illinois Association Highway and Munic- 
ipal Contractors, Monticello, Illinois. 


FINAL GENERAL SESSION 
Thursday Afternoon at 2:00 
Grand Ball Room, Palmer House 


Presiding—Dr. Fons A. Hathaway, Chairman, 
Florida State Highway Department. 


General Subject—Highway Problems 


Best Method of Control and Payment for 
Pavement Quantities 
d. Ellison, First Assistant Commissioner 
and Chief Engineer, Minnesota State Highway 
Department. 


Should Engineers’ Estimates Be Made Public? 
Arthur W. Brandt, Commissioner of High- 
ways, State of New York. 


Practical Qualifying of Bidders on Public Works 
Frank T. Sheets, Chief Highway Engineer, 
Division of Highways, State of Illinois. 


Increasing Efficiency in Highway Construction 
Organizations 
J. L. Harrison, Highway Engineer, U_ S. 
Bureau of Public Roads. 


Road Show 


It is expected that this year’s Road 
Show will break all previous records. 
There will be more than 300 carloads 
of equipment on exhibit, showing the 
most improved machinery, equipment 
and materials for the construction, 
maintenance and operation of high- 
ways. 

The demand for space has been so 
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Plan of Main Floors of the Coliseum, the Annex, the New Coliseum and the 


great that it has been necessary to 
secure an additional building to, as 
nearly as possible, take care of this 
situation. 

The exposition will be a _ cross 
section of the highway industry, and 
those interested in any of the branches 
of construction, maintenance or opera- 
tion will find the latest developments 
and improvements on display. 


John E. Tate, of the Portland Cement 
Association, is again Chairman of the 
Coliseum Committee and has charge of 
the placing of exhibits and other mat- 
ters incident to their installation. 


A list of the exhibitors, as of Jan. 
3, together with a brief outline of the 
nature of their exhibit when this was 
obtainable follows: 


The Exhibitors at the 1927 
Road Show 


A. C. Spark Plug Co.—Booth E B-23. 

Acme Road Machinery Co.—Booth W B-19. 
Moving pictures of equipment and literature. 

J. D. Adams & Co.—Booth 57. 

Ajax Wrench Corporation.—Booth E B-2. 

Alan Wood Iron & Steel Co. Booth W B-7. 
Model bridge floor, showing installation of “A 
W”’ diamond pattern rolled steel traffic treads. 
I. M. Smith and W. S. Haring in attendance. 

Alumoyd Sign and Signal Co. (Formerly The 
Automatic Signal and Sign Co.)—Booth E B- 
24. Street signs, traffic signs, zone markers, 
highway markers, direction signs, illuminated 
stop signs, road pilot reflecting signals, etc. R. 
A. Thompson, W. Thompson and G. E. 
Brady in attendance. 

American Blue Print Paper Co.—Booth N C 
B-7A. Surveying instruments and drawing 
materials. J. J. Carlisle in attendance. 

American Bosch Magneto Corp.—N B-14 and 
15. 


American Casting Co.—Booth 39. 

American Cement Machine Co.—Booth N 
C-29. 

American City Magazine—Booth N C B-31. 
New York City, N. Y. 

American Gas Accumulator Co.—Booths B R- 
33, 44, 58. <A. G. A. traffic devices, consisting 
of flashing beacons, electric stop and go signals 
and reflecting signs and signals. G. G. Kelcey, 
E. N. Johnson, H. B. Thomas and T. E. Orr 
in attendance. 


American Malleable Castings Assn.—Booth 
W-7. 

American Manganese Steel Co.—Booths W B- 
12 and 13. 

American Steam Pump Co.— Booth EB5. 
Rotary high pressure pump for attaching to 
front end of trucks and tractors. B. D. Barton, 
G. H. Griggs and Harry Barton in attendance. 


American Steel & Wire Co.—Booths SB4 and 5. 
Concrete reinforcement, wire rope highway 
guard cables and steel fence posts for highway 
signs, also snow fences. 

American Tar Products Co.—Booths B R-16, 
17, 26 and 27. Lounge where they will distribute 
souvenirs and literature, and welcome friends 
and acquaintances. Paul L. Griffiths, manager 
of Tarmac department, will be in charge of the 
booth. 

American Vibrolithic Corporation.—Booths B 
R-35 and 46. Literature and samples of both 
interlocking ‘and vibrolithic pavements, together 
with motion pictures showing the construction 
of both types. A new and greatly improved film 
showing the construction of interlocking bitu- 
minous pavements will be shown. In addition 
to depicting complete construction operation, 
this film will show many completed interlocking 
pavements at widely separated points. H. L. 
Tillson in charge. 

Ameri@an Wood Preservers’ Ass’n. (Service 
Bureau)—Booth N C B-1A. Models of creosoted 
timber highway bridges and culverts, pictures 
and lantern slides showing proper methods of 
treatment and construction, literature, etc. 
Charles M. Kerr in attendance. 

Ames Shovel & Tool Co.—Booth N C B-55. 
Oliver Ames shovels, spades and scoops of va- 
rious shapes and patterns and equipped with 
various types of handles. Samuel D. Burrell, 
E. T. Nipher and W. H. Jenks in attendance. 


Amiesite Asphalt Co. of America.—Booths N 
B-1, 2 and 3. 

Anthony Co.—Booth N C-30. 

Arkell Safety Bag Co—Booth N C D-37. 

Armco Culvert & Flume Mewtastepans Ass’n. 
—Booths W B-14 and 15. Model of a section 
of highway embankment through which a cul- 
vert is being jacked into place. Also sections 
of perforated corrugated iron pipe for sub- 
drainage purposes, automatic drainage gates for 
control of fiood waters, nested sections of 
standard highway culverts in sizes from 12 to 
66-in. diameters, and large explanatory charts 
showing the savings in cost and time possible 
to obtain in highway work. Anton S. Rosing, 
John B. Morrison and C. A. McTaggart in 
attendance. 

The Asphalt Association.—Booths 12 and 22. 

Asphalt Block Pavement Co.—Booth B R-39. 


Asphalt Brick Co.—Booth N C B-16. A-B-C 
asphalt brick for paving, especially A floors 
and highway grade crossings. . Fox, gen- 
eral manager, in attendance. 

Associated Pennsylvania Constructors.—Booths 
B R-], 2, 3 and 4. 


Atlas Engineering Co.—Booth N C B-49. 
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Greer Building, Showing Locations of Booths of Exhibitors at the Road Show. 


The Atlas Luminate Cement Co.—Booth E B- 
13. J. B. Cabanis, F. J. Selinger, J. L. Miner 
and C. R. Hulsart in attendance. 

Austin Machinery Corp—Booth 17. 

Austin Manufacturing Co.—Booth 31. 

The Austin-Western Road Machinery Co.— 
Booth 33. . Austin-International 15-30 motor 
grader with front and rear scarifiers and lean- 
ing front wheels, Austin 10-ft. leaning wheel 
grader, Austin bull-pup with planer and scari- 
fier, Austin motor sweeper, Western caterpillar 
tractor motor grader, Western No. 1 patrol 
grader. William Cornwell and H. F. Barrows 
in attendance. 

The Autocar Co.—Booth A-3. One model 
HPDS, 3-ton Autocar, short wheelbase, 114-in. 
chassis, with motor under the seat; equipped 
with Autocar rotary hoist dumping mechanism, 
and 31/3 cu. yd. all-steel body, equipped with 
double-acting tail gate, and division board, for 
contract batch hauling. One model CHPDS, 3- 
ton Autocar chassis, 150-in. wheelbase, with 
motor under the hood; equipped with highway 
hoist dumping mechanism, and same type of 
body as on the other chassis. S. M. Williams, 
H. L. White, Frank H. Randel and E. S. Mills 
in attendance. 

Avery Power Machinery Co.—Booth N C-1. 
Avery power road maintainer. E. R. Bowen, 
vice-president, and A. J. Simpson, sales man- 
ager, in attendance. 

The Baker Manufacturing Co.—Booth N C+. 
Baker-Manly self-loading scrapers, snow plows 
for motor trucks and tractors, rotary scrapers 
and backfillers. Motion pictures of Baker- 
Manly scrapers will be shown. ° E. E. Staley, 
president; J. G. Miller, vice-president; L. A. 
Ginzel, secretary, and other representatives in 
attendance. 

The Barber Asphalt Co.—Booths B R-15 and 
25.. Literature describing its various products. 
J..E. Morris, G. R. March, H. J. Wells and R. 
G. McKay-in attendance. 


Barber-Greene Co.—Booth 47. One Barber- 
Greene self-feeding loader. One vertical-boom 
ditcher, working models in one-eighth size, 
showing the use of Barber-Greene equipment on 
a road job. Motion pictures. H. §. Greene, 
W. B. Greene, H. H. Barber, B. E. Laadsren. 
S. D. Brown, C. B. Gould, E L. Lamprey, J 
P.. Fogarty, S. A. Gilliard, E. H. Cooper, C. 
D. Cassel and J. C. Mason in attendance. 

The Barnes Manufacturing Co.—Booth N-10. 
80-gal. per min., 500-lb. pressure triplex road 
pump, 11 cu. ft. portable air compressor, power 
diaphragm pump, plunger trench pump, cen- 
trifugal pumping outfit; 700 gal. capacity per 
minute. A. C. Saxe, sales manager, in attend- 
ance, 

The Barrett Co.—Booths S 1; 2, 3. Tarvia 
truck, illustrations, descriptive matter. Prac- 
tically all Tarvia representatives in attendance. 

Bassick Manufacturing Co.—Booth N C B-43. 

Bates Manufacturing Co.—Booth W-8. 

Bay City Dredge Works.—Booth G-7. One 
model 16-B convertible crane-excavator, %-yd. 
capacity, full crawler mounting, equipped with 


skimmer boom and skimmer scoop, full steel 
cab, etc., also including trench scoop. The new 
Bay City tractor shovel will be exhibited in the 
Coliseum garage, directly across the street from 
the Coliseum. 
R. H. Beaumont Co.—Booth N C B-51. 
Beaver Manufacturing Co.—Booth N-13. 
Belle City Manufacturing Co.—Booth N C-7. 
W. M. Blair Mfg. Co.—Booth W I-8. 


Blaw-Knox Co.—Booth 51. Cement weigh- 
ing batchers for measuring bulk cement by 
weight. Three methods of measuring aggregate 
—by volume, weight and inundation. Calcium 
chloride machine for automatically injecting into 
the batch the proper amount of calcium chloride 
for curing concrete. Large size inundator for 
large mixers. Portable inundators for small 
jobs. Blaw-Knox inundation method for the 
road builder. Self-cleaning steel bins in new 
designs. Various improvements on existing 
equipment. Road forms, clamshells, universal 
forms and other Blaw-Knox labor-saving 
equipment. E. M. Ornitz, manager of the road 
building equipment department in charge, as- 
sisted by representatives from each of the branch 
office territories. 

Robert Bosch Magneto Co.—Booth W B-18. 
Magnetos, spark plugs, electric generators and 
starters for gasoline and internal combustion 
engines. Lee C. Carlton and Carl Behn in 
attendance. 

Brookville Locomotive Co.—Booth A-13. 

Brown Hoisting Machinery Co.—Booth 5. 
Brounhoist gas shovel crane, shovel dipper and 
35-ft. crane boom will both be shown. J. P. 
Case and G. F. Climo in attendance. 

Brown-Lipe Gear Co.—Booth N C_ B-20. 
Model 70-7S transmission for use on 10-ton 
truck; model 60 auxiliary transmission for use 
in trucks from 2%%4-5-ton capacity; model 31 
transmission, for use in 1-144-ton special high- 
way truck. H. A. Pierce, J. O. Pierce, A. L. 
Burt, E. S. Nottingham, E A. Brown and R. 
V. Hessler in attendance. 

Browning Crane Co.—Booth N C B-75. 

Buckeye Traction Ditcher Co.—Booth G-2. 
One utility full-revolving backfill. D. C. Royce 
and F. G. Gross in attendance. 

Bucyrus Co.—Booth N C B-75. 

The Buda Co.—Booth N-9. 

Buffalo Springfield Roller Co.—Booths N C 
B-34 and 36. 

The Buhl Co.—Booth N C6. Four portable 
air compressors. Robert I. Dick in attendance. 
Bunting Brass & Bronze Co.—Booth E B-1. 
Burch Plow Works.—Booths E B-11 and 12. 


Butler Bin Co.—Booth E-12. Small working 
model of a two compartment bin with meas- 
uring hoppers; also a full size set of hoppers 
that measure by volume and also another set 
that measure by weight. Moving picture of 
the erection and dismantling of bins, etc. Mor- 
gan R. Butler, president; A. R. Morton, vice- 
president, and Carl E. Riblet, superintendent, in 
attendance. 
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Butler Manufacturing Co.—Booth W I-1. 

Byers Machine Co.—Booth 53. 

The Philip Carey Co.—Booth S B-14 and 15. 
Elastite expansion joint, elastite performed track 
pavement, elastite track insulation, elastite floor- 
ing. C. V. R. Fullenwider, manager Elastite 
Products Division, and H. L. Rogers, chief en- 
gineer, Elastite Products Division, in attendance. 

Carr Fastener Co.—Booth N C B-2. Entirely 
new automatic pressure cup which provides a 
constant feed of lubricant into a bearing. Also 
nozzle gun and filling tank, and new Dot lubri- 
cant. P. K. Niven, A. W. Smith, A. H. Taylor, 
Ralph Smith, Mr. Dunlap, J. N. Fauver, Fred 
Stoll, Frank Johnson, Louis Hein in attend- 
ance. 

R. B. Carter Co.—Booth E-20. Contractors’ 
pumping equipment, diaphragm force pumps, 
open discharge diaphragm pumps, high pres- 
sure road pumps, contractors’ centrifugal pumps. 
Ralph B. Carter, Jr., Henry Folz, in attend- 
ance. 

Caterpillar Tractor Co.—Booth 3. 

Celite Products Co.—Booth W B 20. Photo- 
graphs of construction operations where Celite 
has been used; cores drilled from pavements, 
illustrating structure obtained by various de- 
grees of workability. H. L. Dunham, concrete 
engineer; C. A. Frankenholt, division sales 
manager; Stephen Mahon, assistant; E. T. 
Frankenholt, H. N. Haberstroh, T. E. Ventriss, 
Sam T. Halsted, sales engineer; C. M. Smith, 
advertising manager, in attendance. 

Central Alloy Steel Co.—Booth N C B-61 
and 63. 

Chain Belt Company—Booth 1 and N C B-19. 
10S building mixer, 3%4S filter with power 
loader, 27E road paver. B. F. DeVine, G. K. 
Viall in attendance. 

Chausse Oil Burner Co.—Booth G-20. Portable 
asphalt plant. W. McK. White, J. R. Bakstad, 
in attendance. 


C. H. & E. Mfg. Co.—Booth E-9. 


Chicago Automatic Conveyor Co.—Booth E 
B-8. One portable belt type conveyor or loader 
equipped with gasoline engine, featuring the 
non-clogging receiving end. H. H. Dreyer, sales 
manager; M. L. Turney, Norman Robinson, in 
attendance. 

Chicago Pneumatic Tool Co.—Booth A-9. 

Chicago Steel Foundry Co.—Booth N C B-23. 

Chilton Class Journal—Booth W B-23. 

Clay Products Assn.—Booths B R-32 and 43. 

The Cleveland Tractor Co.—Booth N wer 
Cletrac 20- .. Cletrac 30-A, Cletrac ‘‘75.” W. K. 
White, E. R. Galvin, E. N. Sawyer, S. H. Ral- 
ston, W. E. Miles, G. W. Pickering, G. D. 
Groce, and H. E. Orr in attendance. 

Climax Engineering Co.—Booths W11 and 12. 
Complete lines of Climax “Trustworthy” engines. 
Lorimer Dunlevy, sales manager, in charge, 
assisted by M. E. Collins, service manager, and 
sales representatives R. B. Sinnock, T. L. Keeling 
and F. E. Blanchard. 

Clyde Iron Works Sales Co.—Booth E-5 and 
6. Three-drum gasoline hoist, powered by 60 
h. p. Waukesha motor; double drum medium 
duty hoist, powered by 385 h. p. Waukesha 
motor; Capstan Carpuller. Donald Heffron in 
charge. 

Concrete Steel Co.—Booths B R-34, B R-45. 
Various types of steel reinforcement for con- 
crete highway construction, Precast asphalt 
joint, various specialties. W. S. Edge in attend- 
ance. 

The Concrete Surfacing Machinery Co.— 
W _ B-3. Berg electric concrete surfacer and 
finisher, Berg air driven concrete surfacer and 
finisher, Berg universal direct connected sur- 
facer, Berg electric concrete products surfacer, 
Berg engine driven road surfacer. M. Wetstein 
and S. Dreifus in attendance. 


Conneaut Shovel Co.—Booth E B-21. 
Construction Machinery Co.—Booth E B-22. 


Continental Motors Corp.—Booth S-4. Intro- 
duction of 2-cylinder 4-cycle engine with a 
power range of 5 to 10 h. p. Complete line of 
industrial engines and portable power units 
ranging from 5 to 96 h. p. This includes 2, 4 
and 6-cylinder units. Power Unit Model Nos. 
Pil, P20, P35, P56, P75, P96; Engine Models 
H2, H9, S5, 8B, 9T, asi and 2-eylinder job. 
= Kanitz, manager industrial division; A. R. 
Smith, R. A. Long, S. F. Evelyn, C. A. An- 
derson, C. R. Wassell, T. S. McIntyre, in attend- 
ance. 

The Continental Products Co.—Booth N C B-14. 
Continental zone painting machine, Continental 
street marking: paint (white and colors), Con- 
tinental bridge paint, Continental roof coatings, 
Continental waterproofings, Continental ‘alumi- 
num paint. W. K. Einstein, H. L. Franklin, in 
attendance. 

Contractors’ and Engineers’ Monthly—Booth 
N C B-3. 


The F. D. Cummer & Son Co.—Booth N B-6. 
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Curtis Pneumatic Machinery Co.—Booth E-19. 
Cyclone Fence Co.—Booth N C B-29 and 31. 
Cyclone road guard and Cyclone “Red Tag” 
snow fence. Also furnish descriptive matter 
and demonstrate samples on Cyclone chain link 
property protection fencing. J. H. Kinney in 
charge. 

D. A. Lubricant Co.—Booth W B-1. 

Deister Concentrator Co.—Booth N C B-18. 
Differential Steel Car Co. —Booth W I-4. 


Domestic Engine & Pump Co.— “Booths E-16, 17. 
One “Domestic” 35-A giant triplex, one “‘Domes- 
tic” 15-A standard triplex road pump, one “Do- 
mestic” D-4 single diaphragm pump unit, one 
“Domestic” DL-4 single diaphragm pump unit, 
one “Domestic’’ DDL-5 double diaphragm pump 
unit, one C3-B centrifugal pump unit. W. E. 
Barbour, sales manager; C. . Segner, vice- 
president; P. M. Kidd, sales engineer; and 
W. J. Howland, engineer, in attendance. 

The Dow Chemical Co.—Booth W B-11. Mov- 
ing picture display of the use of Dowflake cal- 
cium chloride as an admixture in Portland ce- 
ment concrete paving; also the use of Dow- 
flake as a dust preventive and road binder for 
gravel and water-bound macadam roads. S. W. 
Putnam, assistant sales manager, in charge. 

Drave Equipment Co.—Booth N C B-12 and 
16. Tubular material elevator, steel road form. 
All branch managers in attendance. 

Eaton Axle & Spring Co.—Booth N C B 45-47. 

Eisemann Magneto Corporation—Booth W B-5 
and 6. Complete display of magnetos for en- 
gines from one to six cylinders, air throttling 
devices for compressors, speed controlling gov- 
ernors for gasoline engines. O. S. Stanley, 

Kennedy, S. D. Livingston, B. B. Wood- 
ford, I. W. Edwards, in attendance. 

Electric Wheel Co.—Booths N- 1, W-17. Wheels, 
tractors, trailers and crawler attachments for 
Fordson and International Harvester tractors. 
F. F. Alexander, A. N. Calkins, V. M. Drew, 
M. R. Miller, R. N. Stillwell, in attendance. 

Elgin Sales Corp.—Booth 37. 

Engineering and Contracting Pub. Co.—Booth 
B R-36 and 47. 

Engineering News Record—Booth B R-10, 11, 
20 and 21. 

Equipment Corporation of America—Booth 
A-20. Road roller, hoist, derrick, sheet steel 
piling, steam hammer, clamshell bucket. G. A. 
Whitehead, W. J. Comley, T. G. Davis, L. Kern, 
H. M. Capron, H. T. Rich, Jos. V. Sullivan, 
Richard Evans, P. S. Smith and A. D. Mosby, 
in attendance. 

Erie Malleable Iron Co.—Booth W B-22. 

Erie Steam Shovel Ca—Booth 25. One cu. 
yd. gas and air Erie shovels; also %-1 cu. yd. 
Erie B-2 steam dreadnaught shovel. A. C. Vic- 
ary, vice-president; J. A. Garber, assistant gen- 
eral sales manager; W. K. a x J. 
Bright, J. C. Alexander, R. K. Hall, Tait, 

W. Faweett, P. H. Heisey, F. L. } Ft 
Some Coulter, in attendance. 

Erie Steel Construction Co.—Booth N C-14. 


Essco Mfg. Co.—Booth B R. Stop and go sig- 
nals, controlling devices, Shur Stop boulevard 
signs, See thru street signs. C. A. Ward, L. W. 
McOmber and H. D. Oakland in attendance. 

E. D. Etnyre & Co.—Booth G-24. 

Euclid Crane & Hoist Co.—Booth N C B-33 
and 35. 

Everhot Mfg. Co.—N B-4. Branding irons, 
blow torches, soldering irons, cement stamps, 
saw horses. J. H. Payton, N. C. Dedrick, H. E. 
Hendrickson, A. C. Flothow, J. W. Benes, in 
attendance. 

Fairbanks Morse & Co.—Booth G-12. 
— Steel Foundry Co. — Booth 

-2. 

S. Flery Mfg. Co.—Booth G-14. New type 
two-speed double drum, 50 h. p. gasoline hoist; 
also 20 h. p. single drum gasoline hoist, and 
model showing Flary friction clutch mechanism 
and construction details. Theo. Hanan in 
charge. 

Foos Gas Engine Co.—Booth A-7. Two-cyl- 
inder type L Diesel engines, with clutch. Roy 
C. Burrus in attendance. 

The Foote Co., Inc.—Booth 21. 

Four Wheel Drive Auto Co.—Booth N C18. 
Snow removal equipment. 

A. W. French & Co.—Booth 11. 


French & Hecht—Booth W B-16 and 17. 
Wheels for tractors, graders, etc. W. F. Heesch, 
general manager; J. H. Ploehn. superintend- 
ent; E. E. Einfeldt, engineer; J. W. O'Connor, 





A Breedlove, salesman ; 
E. R. Wiggins, advertising manager; H. 
Rober, manager, Springfield plant, in attend- 
ance. 

Fraehauf Trailer Co.—Booth G-4. One type 
“D” 6-wheel heavy duty carry-all trailer, one 
4-wheel dual hopper gravity dump trailer, one 
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rear dump 4-wheel trailer, one 4-wheel flat deck 
a H. C. Frue , G. W. Chamberlin, 
. L. Vosler and T. C. Prince, in attendance. 

a Full Crawler Co.—Booth N C-24. New 
Model D heavy duty Trackson Full-Crawler ; 
also standard model. ©. W. O’Connor in 
charge. 

Fuller & Johnson Mfg. Co.—Booth E-1. 

The Galion All-Steel Body Ca—Booth W B-9. 
One Fortd hand hoist dump body, one Ford 
gravity dump body and one Chevrolet gravity 
body. G. L. Stiefel, W. C. Mason and J. B. 
Heiser in attendance. 

The Galion Iron Works & Manufacturing Co. 
—Booths W-9 and 10. Master 10-ton, 4-cylinder 
motor roller, a Little Master motor roller (a 
new development), and new Galion leaning 
wheel graders. In connection with the Inter- 
national Harvester Company exhibit, will be 
displayed a Galion International 10-ton motor 
roller, a Galion International 5-ton motor roll- 
er, and a Galion International, rear control, 
E-Z lift motor grader. J. S. Boyd, vice-presi- 
dent, and H. G. Hulse, sales manager, in at- 


tendance. 

Garford Truck Co.—Booth A-5. New model 
30 of 1%-2-ton (just recently announced), 
122%4-in. wheel base on which is mounted Su- 
perior Gravity 1%4-cu. yd. dump body. New 
model 380, 1%4-2-ton, 144-in. wheelbase on 
which is mounted Heil standard hoist and 1%4- 
cu. yd. dump body. Frank E. Borer, advertis- 
ing manager, in charge; F. F. Voss, special 
representative; W. J. Baumgartner, chief en- 
gineer; J. M. Van Horn, Chicago branch man- 
ager; C. D. Bassett, Minneapolis branch man- 
ager; E. J. St. Laurence, representative; J. A. 
Halasz, representative, and S. J. Harrigan, 
representative, in attendance. 

The General Excavator Co.—Booth N C B-71. 

General Motors Track Co.—Booth 7. 

Gerlinger Electric Steel Casting Co.—Booth 
N C B-5A. 

Gilbert Manufacturing Co.—Booth G-5. 


W. S. Godwin Co.—Booth S B-16. Steel pav- 
ing guards for protecting the edges of paving 
on roads, streets, railroad crossings, etc. W. 
S. Godwin and L. Perkins in attendance. 

Good Roads.—Booth N B-5. 

Good Roads Co.—Booth N C B-2. 

Good Roads Equipment Corp.—Booth W I-2. 

The Good Roads Machinery Co.—Booth N C- 
27. Motor grader, motor roller, 12-ft. blade 
grader, snow plow. K. B. Hubbard in attend- 
ance. 

The Grasselli Chemical Co.—Booth N C B-38. 
Photographs, literature, “R-B” silicate of soda 

and container, concrete specimens. R. F. 
Remler and E. H. Reiman in attendance. 

The Hadfield-Penfield Steel Co.—Booth N C- 
15. “One Man” grader, crawler tracks, DePat 


automatic v-heel scraper and roller in the Coli- 
seum exhibit; in connection with the Interna- 
tional Harvester exhibit across the street from 
the Coliseum “One Man” grader, crawler 
tracks, roller and DePat automatic scraper, both 
exhibits will include rooters and scarifiers. R. 
O. Perrott, E. J. Anderson, R. J. Winsor, R. 
S. Spencer, F. C. Eldred dnd G. D. Finney in 
attendance 

George Haiss Mfg. Co.—Booth N C-23. Haiss 
creeper loader mounted on blocks and operating 
at one-quarter speed, equipped with precision 
hopper for use in batching of aggregate for 
concrete road work. Also new %4-yd. narrow 
type “Hi-Power’’ digging clam shell bucket. 
Moving picture machine there and a transmis- 
sion box from creeper loader. A. W. Haiss, 
president; G. E. Haiss, secretary-treasurer, and 
W. H. Bosworth in attendance. 

Harnischfeger Sales Corp.—Booth 23. 

The Hastings Pavement Co.—Booth B R-40. 
Asphalt paving and flooring blocks. =m @& 
Thompson and T. J. McNally in attendance. 

The Hayward Co.—Booths N C B-65 and 67. 

The Heil Co.—Booth A-19. Heil hoist and 
body unit, 3-5-ton capacity mounted on display 
stand with hoist in actual operation. Sectioned 

display hoist with nickel-plated fittings; dump 
quick gravity body; complete exhibition of 
power take-offs and connecting parts for dump 
truck assemblies. J. P. Heil, H. A. Winton, E. 
C. Gilmore, Joe Heil, Art Nicolaus, George 
Kuhiman and E. O. Habligger in attendance. 


The Heltzel Steel Form & Iron Co.—Booth 55. 
Heltzel all-steel bins; agrabatchers for meas- 
uring material by weight and volume; steel 
road forms, steel curb forms, steel curb and 
gutter forms, steel sidewalk forms, steel tool 
boxes. J. N. Heltzel, W. J. Savage, M. M. 
Bishop, O. W. Davis, J. G. Bricker and J. G. 
Gwynne in attendance. 

Hercules Corp.—Booth E-18. 

Hercules Motors Corp.—Booth N-12. Engines 
and power units. 

Highland Body Manufacturing Co.—Booth 
N B-21. 

Highway Trailer Co.—Booth 41. 2%-to 
drop frame trailer with a 2-way side Pp 
body for garbage and ash collection, one 4-ton 
model FZ 4-wheel reversible circle steer trailer 
and one industrial trailer. Motion pictures of 
highway trailers in use in various cities on the 
garbage and ash collection work. E. L. Moor- 


A. Allen and B. C. Zinn in attendance. 

The Huber Manufacturing Co.—Booth G-3. 
One 10-ton motor roller ; one 5-ton motor roller. 
A. W. Newby in charge; H. A. Devore, C. M. 
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and the Ball Room, Showing Locations of Booth of Exhibitors at the Road Show. 


Brown, M. E. Miller, J. A. Cooper, J. A. Rose, 
J. H. Krause and several other salesmen in at- 
tendance. 


Hug Co.—Booth A-18. 


The Hughes-Keenan Co—Booth N_ C-26. 
Gravity dump body attachment for the Fordson 
tractor; a dump body and also unde hoists 
which are used with the Ford steel express and 
platform bodies to make a dumping unit out 
of them. Mr. Hughes, C. W. Walker, western 
and southern sales representative, and J. D. 
Corrigan, eastern sales representative, in at- 
tendance. 

The Humphryes Manufacturing Co.—Booth N 
B-9. New double four lift and force trench 
pump. Direct connected centrifugal pump. 
High capacity diaphragm pump. Paul Johnson, 
S. H. Orr, Russell Stephens in attendance. 

Hvass, Chas. Co.—Booth 49. 

Hydraulic Hoist Mfg. Co—Booth E-7. 

Hyatt Roller Bearing Co.—Booth N CB-4 and 
8. Complete line bearings for road building 
equipment. Animated display—Endless string 
of models passing across stage—Models show 
a of equipment now operating on Byatt 
C. L. Newby, Otto Young, C. M. Burdette, T. 
R. Russell, Palmer and others in attendance. 

Ideal Concrete Machinery Co.—Booth W B-4. 

Independent Pneumatic Tool Co.—Booth A-6. 

Indiana Truck Corp.—Booth 13. ' 

Industrial Works—Booth N C-17. Gasoline 
operated crawling tractor shovel 1% yds. ca- 
pacity. J. C. Bloomfield in charge. 


Ingersoll-Rand Co.—Booth 35. Gasoline-engine- 
driven portable air compressor, a motor-driven 
vertical stationary compressor, a drill steel 
heating oil furnace, “‘Jackhammer” drills, trench 
and clay diggers, and a —, variety of pneu- 
matic machinery for road and bridge building. 


Insley Manufacturing Co.—Booth N C-12. Ins- 
ley shovel with steel cab. Carl S. Wagner, A 
C. Rasmussen, R. B. Dorward, Henry Jameson 
in attendance. 


eee Harvester Co. of America— 
Booth N C-3 

international Motor Co.—Booth A-4. Mack 
AB 2%-ton contractor’s special truck equipped 
with a 22/3-cu. yd. road builder’s body, having 
a Mack screw hoist. wane model of the 
hoist and data on road building. D. C. Fenner, 
J. Walker from New York, Mr. Shanley and 
other members of the Chicago office in attend- 
ance, 


F poanene Trade Press, Inc.—Booth N B- 


Edw. J. Jackoboice.—Booth W B-10. 
Jaeger Machine Co.—Booth E-3. 

E. C. Jensen.—Booth N C B-40. 

C. S. Johnson Co.—Booth E-10. Demountable 


bins, batch measuring hoppers, volume measur- 
ing hoppers, weigh measuring hoppers. W. J. 
Brennen, sales manager, in attendance. 

Jones Superior Machine Co.—Booth S B-18. 
Portable saw tables. H. D. Cameron in at- 
tendance. 


Kalman Steel Co.—Booth E B-10. 


Kensington Steel Co.—Booths E B-15 and 16. 
oy ae with reversible teeth. Repair parts 

of Oro steel for all makes of loaders, trench 
machines and backfillers. Manganese steel and 
Kensinite castings in form of tractor 
sprockets, crusher jaws, concaves and steam 
shovel repair parts. W. S. McKee, president; 
E. C. Bauer, vice-president; E. A. Lerner, sales 
manager, and Kenneth Jensen, assistant sales 
manager, in attendance. 

Kentucky Rock Asphalt Co.—Booths B R-13, 
14, 23 and 24. General information, literature, 
ete., in regard to “‘Kyrock,” the perfect pave- 
ment. W. A. Brownfield, Rodman Wiley and 
W. H. Tarvin in attendance. 


Keystone Driller Co.—Booth G-6. Model 4, 
27, gas driven front crawler, mounted Keystone 
traction excavators wi electric starter for 
motor, equipped with 3/8-yd. skimmer bucket ; 
drop bottom ditchers buckets and a 
J. V. Downie, general sales Pag wt one 
engineering department; O. . Hanschew, H. 
Elmire, George Corkeran, % R. Conyne, F. 
Oliver, Mr. Hutchinson, C. W. Holmes, M. J. 
Roquier, G. W. Carrick and F. D. Lake in 
attendance. 

Killefer Manufacturing Co.—Booth N C B-46. 

Kinney Manufacturing Co.—Booth 77. 

Klauer Mfg. Co.—Booth N C B-69. 

Knickerbacker Co.—G18. New model Knicker- 
bocker 7-S concrete mixer. W. B. Knicker- 
bocker, president; and W. W. DuPre, sales 
manager, in charge. 

Koehring Co.—Booth 43. 27E paver and No. 
1 gasoline shovel. 

K. P. Products Co., Inc.—Booth N C B-50. 
Gas engine governors. J. S. Jennings, Jr., 
and A. Jones in attendance. 

Kwik Mix Concrete Mixer Co.—Booths N C 
B-57 and 59. 


Lakewood Engineering Co.—Booth W-13. 
- Plant Choate Manufacturing Co.—Booth N 


The John Lauson Manufacturing Co.—Booth 
N B-17. One $%-cu. ft. concrete mixer. One 
4-in. diaphragm pumping unit, engine driven 
on four wheels. One 3-in. diaphragm pumping 
unit engine driven on two cushion tires (trailer 
type). One 2-H. P. engine mounted on base. 

. H. Edson, sales manager; E. N. Klein, east- 
J district representative, ‘and A. H. Quade, 
also district representative, in attendance. 


Leach Co.—Booth 59. 


Le Roi Co.—Booth 63. Engines. C. W. 
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Pendock, George D. Moore and W. R. Karll 
in atten ce. 

A. Leschen & Sons’ Rope Co.—-Booth N B-7. 

Link-Belt Co.—Booth 19. New Link-Belt K- 
42, all purpose crawler crane; also Grizzly 
loaders and a model sand and gravel plant. 

Littleford Bros.—Booth N C-31. Oil burn- 
ing tar and asphalt melting kettle No. 84-W. 
Asphalt maintenance heater No. 69. The An- 
dresen road repair outfit. Roger S. Littleford, 
John S. Littleford, Jr.. L. W. Glaser, J. J. 
Strobel, Herbert Humpt and A. G. Schuette in 
attendance. 


Little Red Wagon Manufacturing Co.—Booth 
A-10. Elevating grader, dump wagon, Fordson 
dump trailer. A. C. Thomson, general man- 
ager, in attendance. 

Lufkin Rule Co.—Booths B R-28 and 29. 

The MacLeod Co.—Booth N-15. 

MacWhyte Co.—Booth W B-21. 

Manufacturers’ Record.—Booth S B-8. 

Marion Steam Shovel Co.—Booth N C-11. 

A. 8S. Marleow.—Booth E B-25. One 4-in. 
open diaphragm pump. One 4-in. diaphragm 
force pump. One 38-in. diaphragm force pump. 
A. S. Marlow in attendance. 

Marsh Capron Co.—Booth N C-28. 

McKiernan-Terry Drill Co.—Booths N C B- 
52 and 54. Operating model of pile Ea 
for driving steel sheet piling et for driving 
piles under water. Charles S. Ackley, Ellis J. 
Troy and Earle R. Evans in attendance 

MeMyler Interstate Co.—Booth N C-19. 

W. R. Meadows, Inc.—Booth N C B-8A. 
Samples of Sealtight a joints for con- 
crete construction. W. J. E. H. 
Brown, Louis Nolting, Willen Cc. J. Becker 
and Wendel Becker in attendante. 


Metal Forms Corp.—Booths E-1ll and 12. 
Road rail forms, curb and gutter forms 
sidewalk forms. Mr. Miller and Mr. Moss from 
the factory in attendance. 


Metalweld Service Corporation.—Booth N C-8. 
Self-propelled and towabout models of a ver- 
tical duplex air compressor. 


Miami Trailer-Scraper Co.—Booth G-10. Mi- 
ami one-man power scraper, Miami backfiller, 
Miami power winch, new Miami dump trailer. 
I. T. Goodrich and E. L. Barnes in attendance. 

The Milburn Co., Alexander—Booth E-B4. 
Oxy-Acetylene welding and cutting apparatus. 
Oxy-Illuminating gas welding and cutting ap- 
paratus. Portable carbide lights. Oil burners 
and preheaters. Paint sprays and equipment. 
A. F. Jenkins, C. R. Pollard and F. G. Squire 
in attendance. 


Pi eee Steel & Machinery Co.—Bootli 


Monarch Tractors Corp.—Booth 69. 
Morris Machine Works.—Booth W-8A. 


The Morrow Manufacturing Co.—Booth N OC 
B-24. Working model of sand and gravel 
screening and washing unit; models of bingate 
and chute. L. R. Crowell and R. H. Baugh- 
man in attendance. 


Mundie Manufacturing Co.—Booth A-1. Two 
direct connected air compressors; also 
air tools and other accessories. 

National Lime Association.—Booth B R-56. 
Pictures and literature describing the uses of 
hydrated lime in earth roads, concrete roads 
and asphalt construction. J. B. Harris of St. 
Louis, H. W. Wood, Jr., of our Washington 
office, and C. R. Stokes, manager highway de- 
partment, in attendance. 

National Paving Brick Mfrs.’ Assn.—Booth 
B R. Brick = on eT test track litera- 
ture. E. E. Duff, Jr.; . Kniseley, in at- 
tendance. 

National Steel Fabric Co.—Booth 19. Sam- 
ples of National road reinforcing fabric and 
hotographs of installations; new road fabric 
nstaller; new fabric installing chair 
cently developed by. the N:; al Steel Fabric 
Co. E. L. Benedict, vice-president and manager 
of sales; R. L. Glose, sales agent; H. H. Rob- 
inson, St. Louis district m r; H. D. Stone, 
Pittsburgh district manager ; W. North, De- 
troit district manager; P. M. Zimmerman and 
P. A. Coulter, both of the Chicago district office, 
in attendance. 
ae Traffic Appliance Corp.—Booth B 

TA, 

Northern Conveyor & Mfg. Coe.—Booth 
N B-19. 


Northfield Iron Ce.—Booth N C B-69. 
Northwest Engineering Co.—Booth 45. 

Novo Engine Co.—-Booth 67. 

O’Connell Motor Truck Co.—Booth A-16. 

The Oil Jack Co.—Booth N C B-80. 

0. K. Clutch & Machinery Co.—Booth G-22. 














38 


One 40 h. p. double drum hoist, one 15 h. p. 
high speed builder’s hoist, one 12 h. p. single 
drum hoist, and one new hoist elevator; also one 
120-ft. air compressor. H. Druschel, manager, 
in attendance. 

Tinius Olsen Testing Machine Co.—Booth 
N B-20. 

Orr & Sembower, Inc.—Booth W I-10. 

Orton Crane & Shovel Co.—N C-13. A Model 
“T” %-yd. gasoline operated flexible crawling 
tread-crane with 35-ft. boom and %-yd. Orton 
clamshell bucket, and a Model “V" 44-yd. gaso- 
line operated flexible crawling tread shovel. 
Herbert Mertz, A. R. Whitney, C. M. Robert- 
son, P. A. Orton, Jr., E. M. Duzan, in attend- 
ance. 

The Osgood Co.—Booth 29. Osgood 1%-yd. 
heavy duty gas crane. 

Oshkosh Motor Truck Mfg. Co.—Booth A-14. 

Owen Bucket Co.—Booth 9. 

Page Steel & Wire Co.—Booths N B-11 and 
12. Erected specimens of Page Hi-Way guard; 
motion pictures showing the various tests which 
have been made; also photographs showing 
typical installations, etc. W. T. Kyle, sales 
manager, in charge. 

Perforated Roller Works—Booth N C B-48. 
Perforated concrete roller, ball and socket con- 
traction joint, expansion joint anchor, precast 
ball and socket curb and gutter, ball and socket 
concrete slab anchor and hinge, ball and socket 
road forms. F. L. Shidler and R. D. Gregg 
in attendance. 

Perry Company—Booth N C B-28. Perry au- 
tomatic scraper. John Perry in attendance. 

Pitt & Quarry.—Booth B R-52. 

Pittsburgh Testing Laboratory—Booth S B-9. 

Portland Cement Association—Booth B R-37, 
38, 48 and 49. Views on roads and streets of 
particular interest during past year; block of 
concrete taken from Bellefontaine, O., pavement 
laid in 1893. 

Powers Highway Catalogue. Booth B R-54. 

Price Hollister Co. N CB-9. 

Public Works Journal Corp.—Booth S B-12. 


Racine Radiator Co.—Booth E B-9. Full line 
of representative industrial radiators; also a 
Ford replacement radiator and a Fordson re- 
placement core. F. M. Young, vice-president and 
general manager ; Roger Birdsell, sales engineer ; 
John J. Hilt and A. C. Owen, in attendance. 

Rail Steel Bar Association—Booth N C B-22. 
Reinforcing bars, photos and literature on con- 
struction projects, etc. H. P. Bigler in attend- 
ance. 

Ransome Concrete Machinery Co.—Booth 73. 
One 27-B extra heavy paving mixer with 50- 
h. p. Waukesha 4-cyl. gasoline engine. H. C. 
Peters, mid-west manager, and L. W. Sivett in 
attendance. 

Rawls Machine & Manufacturing Works— 
Booth E 10-A. Rawls all steel high speed high- 
way mower. W. W. Fitzpatrick, J. Kranz, 
Elmer Paulson, S. E. Rawls and Benj. Green- 
berg, in attendance. 

Relay Motors Corp. Booth A-11. 

Republic Motor Truck Co., Inc.—Booth A-15. 

Rex-Watson Corporation—Booth A-17. New 
all steel 3-yd. bottom dump trailer. C. Van 
Zandt, president ; R. Shaw, Goldthwait, sales rep- 
resentative; and E. W. Gay, sales manager, in 
attendance. 

Rock Products—Booth B R-58. 

Rogers Bros. Booth N C B-21. 

Rome Manufacturing Co.—Booth W I-9. One 
12-ft. Rome grader, one 9-ft. Rome grader, one 
6%-ft. Rome grader. C. P. Drake, treasurer; 
Arthur Whyte, sales manager; C. A. Xardell, 
engineer; B. C. Gledhill and P. A. Schenck in 
attendance. 

The Russell Co.—Booth N C-21. 

Russell Grader Mfg. Co.—Booth N-2, 3, 4 and 
5. Working model of the No. 10 Russell screen- 
ing, crushing and loading plant; a No. 3 Motor 
Patrol with a McCormick-Deering 10-20 tractor 
and a No. 4 Motor Patrol with a caterpillar 
tractor for power. Moving and still pictures of 
various Russell equipment. G. E. Wennerlyn, 
Cc. L. Elken and C. O. Wold, also sales repre- 
sentatives from the various states ,in attendance. 

The Ryan Car Co.—Booth N C B-73. Will ex- 
hibit by motion pictures and actual machines; 
the Ryan grading machine, a motor controlled, 
leanable frame, leanable wheel machine, made 
in from 8 to 14-ft. sizes. U. G. Smith, W. J. 
Schlacks, O. Q. Hinds, C. B. Faverty, W. M. 
Ryan, Jr., R. D. Bartlett, in atteridance. 

Joseph T. Ryerson & Son—Booth E B-14. Re- 
inforcing steel for highway construction and 
general reinforcing steel products; contractors’ 
small tools and general steel products. E. W. 
Langdon, in charge of exhibit; J. Neal Mains, 
R. J. Russell, W. D. Dukette, E. W. Christener, 
N. B. MacNeely, R. C. Davies, Wm. H. Lahme, 
H. W. Mortenson, E. A. Smith, in attendance. 
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Sauerman Bros., Inc.—Booth S-5, S-6. Work- 
ing models of Sauerman power drag scraper 
and Sauerman slackline cableway excavator, the 
first-named showing a typical land improvement 
job, including cut and fill and grading; the 
last-named model shows a cableway delivering 
gravel to a screening. plant. J. A. Schultz, 
D. D. Guilfoil, W. F. Bartholomae, F. A. Pe- 
ment, J. N. Schufreider, in attendance. 


Schramm, Inc.—Booth S-7. New model 60 cu. 
ft. multi-cylinder compressors and Standard No. 
120 cu. ft. portable outfits, mounted on special 
highway trailer with rubber tired wheels. Henry 
N. Schramm and A. O. Witt in charge. 


Jas. B. Seaverns Co.—Booth E B-3. 


Servicised Products Corporation—Booth S B-2 
and 3. Expansion joints, parting strips, rail 
filler, sewer pipe joints, marking paints. 
A. C. Fischer, E. O. Seeling, H. W. Herbst, 
H. L. Marple, A. N. Henderson, L. H. Tower, 
in attendance. 


Shaw-Enochs Tractor Co.—Booth N _ C-10. 
Shawnee power grader for 2-ton caterpillar, 
Shawnee power grader for International 10-20 
tractor, Shawnee-Fordson power grader. 3 
Gertsen, J. L. Becker, C. H. Yager, Art 
Rhoades, in attendance. 


Schaefer Gustaf Wagon Co.—Booth N C B-46. 


Simons Paint Spray Brush Co.—Booth N C 
B-27. Spray brush equipment, including the 
spray brush, the portable air compressor oper- 
ated by electricity or gasoline, the road mark- 
ing machine for service in cities or on hizh- 
ways; mechanical paint mixing machinery. 
George W. Simons in attendance. 


Simplicity Engineering Co.—Booth 61. 


Sivyer Steel Casting Co.—Booth S B-11. Road 
machinery steel castings, consisting of gears, 
pinions, sprockets, shoes, rollers, digger teeth, 
rough and machined, made in Sivyer alloy steels. 
Arthur H. Oberndorfer, advertising manager ; 
Martin A. Filadoes, assistant sales manager; 
L. H. Hahn, Paul Thessen, Anton Johnson, 
Myron Dawley, sales engineers; L. S. Peregoy, 
vice-president and secretary, in attendance. 


Smith Engineering Works—Booth E-14 and 
15. The Telsmith model crushing plant, a small 
but complete outfit that actually crushes, ele- 
vates and screens a hard granite rock. This out- 
fit includes two crushers, two screens, an eleva- 
tor, belt conveyor, bin and bin gates. The Tel- 
smith model gravel washing plant, a small but 
complete outfit that actually washes and screens 

ravel. This model has been rebuilt since the 
ast Road Show and is now much more complete 
than heretofore. Victor H. Jones in charge. 


The T. L. Smith Co.—Booth 71. One 27-E 
paver. R. Bowen, general sales manager, and 
H. E. Smith, president, in attendance. 


Snap-On Wrench Co.—Booth N C B-5 and 7. 
Snap-On wrenches, Blue Point tools. C. W. 
Edwards, Joseph Johnson, C. H. Tennyson, in 
attendance. 


Solvay Process Co.—Booth W B-8. Solvay 
flake calcium chloride, Solvay one-man calcium 
chloride spreading machine, Solvay trailer cal- 
cium chloride spreading machine. H. F. Clem- 
mer, G. P. Spencer, P. M. Goodwin and others 
in attendance. 


Speeder Machinery Corp.—Booth A-21. One 
Speeder %-yd. gasoline shovel, with high lift 
boom. T. M. Deal, sales manager, and all ter- 
ritorial salesmen in attendance. 

Splitdorf Electrical Co.—Booth W B-2. 

Standard Scale & Supply Co.—Booth W-3. 
7S power loading concrete mixer with patented 
automatic water tank, driven with a 4-cyl. auto- 
motive type of engine, mounted on rubber tired 
roller bearing wheels; also one 4-in. diaphragm 
trench pump mounted on steel chassis and 
driven with a gasoline engine. R. C. Larkin, 
manager, in charge. 

Star Drilling Machine Co.—Booth N C-22. 

Stover Mfg. & Eng. Co.—Booth E B-6.. In- 
ternal combustion engines for use upon con- 
crete mixers, hoists, pumps, etc. Lee Madden, 
general sales manager; J. J. Eliis, assistant ; 
W. S. Walker, assistant; F. J. Haller, chief 
engineer; and a corps of salesmen and assist- 
ant engineers in attendance. 

Streich Bros. Coa.—Booth W I-6. 

Successful Construction Methods — Booths 
B R-10, 11, 20, 21. 

Sullivan Machinery Co.—Booth W-1. A Sul- 
livan 220-ft. WK-314 “V”’’ or angle type com- 
pressor on steel wheels, also a WK-322 electric 
motor driven machine of 106 cu. ft. capacity ; 
Sullivan Rotator hammer arills, Sullivan con- 
crete breakers and Sullivan spaders; Sullivan 
Turbinair hoist; Sullivan light contractors’ drill 
sharpener. Joseph H. Brown, Chicago aistrict 
sales manager, in general charge of exhibit, 
assisted by Raymond B. Hosken, sales manager ; 
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R. E. C. Martin, H. E. Butters, R. W. Scott, of 
Chicago sales force, and by Sullivan engineers 
and distributors from other cities. 


Superior Body Corporation—Booth N _ C-25. 
One Superior automatic dump body 1%-yd. 
capacity, and one Superior self-dumper 1%-yd. 
capacity. Ed. Walsh, president, in charge; J. B. 
Sisson, secretary; H. H. Davidson, sales man- 
ager; Ed. Foust, engineer; S. Frazier, engineer ; 
Russell Philbaum, sales representative, in at- 
tendance. 

Talbot-Flood Mfg. Co.—Booth W B-24. 


OT tne Iron & Steel Co.—Booth N 
13. 


The Texas Co.—Booth B R-5, 6 and 7. 

The Thew Shovel Co.—Booth 27. Lorain-75 
shovel and a Lorain-75 crane with a 50-ft. 
boom. H. C. Avery, in charge; B. E. Onkst, 
M. S. Cheney, S. R. Shepard, T. S. Freeland, 
A. F. Kuehne, D. G. Savage, F. A. Rumer, 
V. L. Wheeler, H. W. Miller, R. W. Vail, G. P. 
Van Vliet, R. H. Wilson, A. E. Little, in at- 
tendance. 

The Timken-Detroit Axle Co.—Booth S B-10. 
A worm drive carrier assembly of the type used 
in the conventional motor truck and two worm 
drive carrier assemblies such as used in the 
four wheel drive type of six-wheel vehicle. All 
of these carrier assemblies will be cut away 
so that the bearing and gear contact will show. 
In addition to this feature, they will be con- 
nected with electric motors and they will actu- 
ally be in motion. Also exhibits one heavy duty 
worm drive rear truck axle and one heavy 
duty front axle. W. G. Norris, western repre- 
sentative; Gabe Hilton, sales engineer; and 
J. S. Wardwell, sales representative, in attend- 
ance. 

The Timken Roller Bearing Co.—Booth E B-17 
and 18. A comprehensive display of Timken 
bearings, as well as a novel and interesting 
machine which demonstrates the positive align- 
ment of the rollers in a Timken bearing. 
Klinedinst, general manager, industrial division ; 
W. B. Moore, assistant general manager, in- 
dustrial division; G. D. Thewlis, R. P. Proffitt, 
W. P. White, J. W. Weir, Geo. Curtis. R. J. 
Ballentine, district managers; R. P. Kelley, ad- 
vertising manager; S. M. Weckstein, industrial 
equipment engineer; and H. V. Fleming, in at- 
tendance. 

Toledo Pressed Steel Co.—Booth N C B-17. 

The Toledo Wheelbarrow Co.—Booth N C B-6 

The Tractor Grip Wheel Co.—Booth E-4. 

Traylor Vibrator Co.—Booth N C B-39. 

Truscon Steel Co.—Booth S B-6 and 7. Re 
inforcing steel, welded fabric, centre joint, road 
forms, steel sash, metal lath. B. C. Briody in 
attendance. 

Twin Dise Clutch Co.—Booth N B-8. Power 
take off units with the square driving pin B-14 
clutch; will exhibit for first time power take 
off unit with the B-2-11%4 square driving pin 
clutch, which unit is a new design. Also ex- 
hibiting a 5%4-in. diameter cluth, 10-in. diame- 
ter clutch, 24-in. diameter clutch and two small 
multiple dise clutches. P. H. Batten, president ; 
W. C. Gewalt, vice-president; W. J. Pearmain, 
chief engineer; R. H. Smith, sales engineer ; 
J. B. Jenkins, sales engineer; and G. M. Guil- 
bert, in attendance. 

Universal Crane Co.—Booth N C-20. A 6- 
ton capacity full revolving gasoline powered 
Universal crane, mounted on a 5%%4-ton Mack 
chassis. The crane will be equipped with a 40- 
ft. boom and %-yd. bucket. A separate ma- 
chinery crab frame will also be shown with a 
1%4-yd. pull shovel attachment. 

Universal Crusher Co.—Booth W-6. Three 
jaw crushers, a 15x24-in., an 8x36-in., and a 
7x12-in.; a 5x12-in. pulverizer and a running 
model of the 8x36-in. W. L. Harrison, F. L. 
Shramek, L. W. Dunlap, and E. A. Velde, in 
attendance. 

Universal Motor Co.—Booth S-8. Universal 
Flexiform industrial engine, a Universal cen- 
trifugal pumping set, and a_ Universal high 
pressure pumping set. E. H. Huesener, general 
manager; R. H. Gafrison, general sales man- 
ager, in attendance. 

Universal Power Shovel Co.—Booth N C B-25. 

Vacuum Oil Co.—Booth W C B-12. 

Valley Motor Truck Co.—Booth W I-65. 


Waukesha Motor Co.—Booth N-6. Models 
WL 64x8, JL 6x7, and XL 3%4x4% industrial 
power units, equipped with Waukesha motors; 
also Model 6KL 4x4% 6-cylinder truck motor. 
F. P.. Wilkins, J: E. DeLong, J. B. Fisher, 
J. G. Swain, J. M. Boorse, Geo. LaSalle, in at- 
tendance. 

Wausau Iron Works—Booth G-8. 

Wehr Co.—Booth G-l. Wehr one-man power 
grader, equipped with 8-ft. blade and scarifier, 
road roller, road tractor. E. C. Myers, man- 
ager; G. C. Salisbury,. sales manager, in at- 
tendance. 
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Welsbach Traffic Signal Co.—Booth N C B-44. 


Western Crucible Steel Casting Co.—Booth 
N C B-32. 

Western Wheeled Scraper Co.—Booth N C-16. 
New street excavator equipped with self con- 
tained power; the Tumblebug scraper; the 
Groundhog (a two-purpose moldboard and 
rooter plow); and the revolving fresno. J. E. 
De Muth in charge. 


The Whité Co.—Booth 15. Model 52 heavy 
duty power dumping truck, a heavy duty 1,500- 
gal. double unit street flusher with full electric 
light equipment, and the White 2%4-ton new 
two-batch road builders’ truck with a wheel- 
base of 144 inches. W. A. Maynard and Paul 
Starbird in charge. 


Whitehead & Kales—Booth A-8. 


Wiard Plow Co.—Booth S B-1l. Entire line 
of road plows, especially featuring combination 
rooter and furrow plow. S. J. Hunt, sales 
manager; and F. L. Averill, in attendance. 


Wickwire Spencer Steel Co.—Booth E B-7. 
Electrically welded wire mesh reinforcement, 
wire rope, chain link highway guard. T. H. 
McSheehy in attendance. 


G. H. Williams Co.—Booth W-2. Williams 
favorite type clamshell bucket; Williams drag- 
line bucket. D. Harter, sales manager (in 
charge); W. W. Cochrane, general manager ; 
A. J. Lichtinger, sales department; W. C. 
Swalley, sales department; C. D. Buoy, chief 
engineer; H Neeve, superintendent; E. L. 
Spark;, eastern manager; G. S. Swanson, Pitts- 
burgh manager; R. B. Randall, western sales 
manager, in attendance. 


Williams Patent Crusher & Pulverizer Co.— 
Booth N C-5. Model crushing plant, crusher 
and parts, samples, protographs. Ray F. Schnei- 
der, A. E. Schneider, in attendance. 


Williamsport Wire Rope Co. Booth 65. 


Wisconsin Motor Mfg. Co.—Booth E-8. SU, 
4x5, 4-cylinder power unit; B-2, 514x6%, 4- 
cylinder heavy duty gasoline engine; H, 4x5, 
6-cylinder, heavy duty gasoline engine. H. W. 
Schnetzky, president; W. Fitzgerald, Jr., 
H. M. Cronk, W. J. Johnston, in attendance. 


Wood Hydraulic Hoist & Body Company— 
Booth A-2 and A-3. Standard underbody hy- 
draulic jpoist and steel dump body, full size. 
Wood mechanical hoist cutaway; finished detail 
parts; miniature working model Wood under- 
body hydraulic hoist and steel dump body. Logan 
T. Wood, Frank H. Dewey, C. D. Macpherson, 
H. Kvindlog, O. W. Miller, in attendance. 


Zenith-Detroit Corp.—Booth N C B-55. 
Zenith Shovel Co.—Booth N C B-15. 





ROADS AND STREETS 
Street Lighting 


Developments in 1926 Outlined in 
General Electric Review 


The most outstanding installation of 
the year was that for State St., Chi- 
cago. Two 2000-watt lamps are used 
on two-light standards spaced 90 ft. 
apart and opposite. This means that 
a lighting value of around 90,000 
lumens per standard is given out, and 
the light which falls on the street sur- 
face is over twite as much per lin. ft. 
as on that of the most intensively 
lighted street previously equipped. It 
made State St. the world’s brightest 
business thoroughfare. 


The lights operate on a 110-volt, di- 
rect-current, three-wire system, and are 
remote controlled from a_ central 
point by a number of magnetic contac- 
tors located along the system. In most 
instances there is a contactor for each 
pole, but in some locations one contac- 
tor controls two or three poles. The 
contactors are connected to a three- 
wire control circuit operated from the 
220-volt side. All three wires are 
positive, each contactor being con- 
nected to the negative side of the three- 
wire system. 


Carrier current control of street 
lighting circuits was developed and ap- 
plied to a few installations. The ap- 
paratus is operated by sending a high 
frequency impulse over the wires of the 
regular distribution system, the great 


View of State St., Chicago, Showing New Two-Light Street Lighting System 
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difference between the carrier current 
frequency and the power current fre- 
quency obviating any interference be- 
tween the two circuits. The high fre- 
quency is obtained by using a vacuum 
tube oscillator. The receiving appara- 
tus consists of a relay which in turn 
operates a contactor in the primary cir- 
cuit of the constant current trans- 
former. A time-delay feature in the 
relay makes it possible either to open 
or close the relay by sending high fre- 
quency impulses of different lengths, 
and also protects the system from 
lightning and switching surge effects. 
The relay is rated at 15 amperes, 110 
or 220 volts. 


The transmitter requires a 60-cycle, 
single-phase power supply of approxi- 
mately 750 watts at 110 volts during 
the sending of the carrier current im- 
pulse. The receiver apparatus requires 
a continuous supply of about 25 watts 
at 110 volts, 60 cycles, and an addi- 
tional supply of about 100 watts while 
the control is being operated. 


One of the best indications of the 
trend of street lighting practice is the 
increase in the average size of series 
lamp used. At the beginning of 1926, 
the average series lamp gave out 2200 
lumens, which represented a 57 per 
cent increase over 1920. During the 
same period the percentage of series 
lamps in use, of below 1000 lumens, 
fell from 48 to 41.5, while the percent- 
age of lamps of 4000 lumens and above 
increased from 14.0 to 21.3. 

















Surface Treatment by Hot Application Method 


Methods and Costs of Treatment of Earth Type Roads by South Carolina Highway Department 
Given in Paper Presented Nov. 9, at 5th Annual Asphalt Paving Conference 


By N. S. ANDERSON 


Maintenance Engineer, South Carolina Highway Department 


During the summer of 1923 the South 
Carolina State Highway Department 
undertook to develop a_ bituminous 
penetration or surface treatment for 
use on the better class earth type roads 
of the state highway system that 
would promote the comfort of highway 
traffic during adverse weather condi- 
tions and do away with the dust nui- 
sance, as well as enable these roads to 
stand, without excessive maintenance 
cost, a comparatively dense motor 
vehicle traffic until such time as funds 
might become available to pave them. 

Development of Type.—Experimental 
work in connection with the develop- 
ment of such a type of treatment was 
initiated by Charles H. Moorefield, 
state highway engineer, in September 
of that year by the construction of six 
short sections varying in length from 
100 to 235 ft., on State Highway 2 be- 
tween New Brookland and Cayce; the 











Route No. 2, Fountain Inn. Spreading Crushed 
Granite 


work being done under the immediate 
supervision of Ambrose Harwell, then 
maintenance engineer. Crushed gran- 
ite was used on all sections and five of 
them were of a penetration or semi- 
penetration type varying in thickness 
from 4% down to 2% in. Four of the 
five received two applications of tar, the 
first application being a light tar, ap- 
plied cold and the second a heavy tar 
applied hot, the fifth section being 
given only an application of heavy tar 
applied hot. 

The sixth section was of the true 
surface treatment type being only ap- 
proximately % in. in thickness, treat- 
ment being as follows: 

After the original road surface had 
been swept clean, % gal. per square 
yard of light tar (Specification No. 1, 
see appendix) was applied cold and 
allowed to stand 24 hours with no 
traffic; 1/8 gal. per square yard of 
heavy tar (Specification No. 4) was 
then applied hot and immediately cov- 
ered with about 45 lb. per square yard 





of crushed granite graded from 1% to 
% in. and the road rolled with a three 
wheeled 10-ton power roller before it 
was thrown open to traffic. 


All six sections were closely observed 
under traffic (which averaged in the 
neighborhood of 1,500 vehicles per 24 
hours) for two months and by that 
time there were some signs of “push- 
ing” in the thicker sections which were 
not evident in section six. For that 
reason and the fact that the thicker 
treatments would under ordinary con- 
ditions cost from three to five times as 
much, it was decided to extend the thin 
treatment used on section six and dur- 
ing November, 1923, an additional 2- 
mile stretch was constructed. 

The original earth surfacing mate- 
rial on this road that was treated in 
1923 was decidedly variable, some 
stretches of it being a sand-clay mix- 








Route No. 2, Fountain Inn. Feregreund—Breem- 
ing Off High Spots before Rolling. 
—Spreading Crushed Granite on Second Coat 


ture of rather good quality and others 
a mixture of sand, clay, gravel and 
waste from fertilizer factories in vari- 
ous proportions, those containing a 
large proportion of such waste being 
of reddish tinge due to the high con- 
tent of iron compounds. By the spring 
of 1924 enough failures had developed 
in the thin surface treatment over 
weak spots in the original surfacing to 
make it very evident that the success 
or failure of this type of treatment was 
largely dependent on the quality and 
supporting strength of the earth road 
surface so treated and this was kept 
in mind when two additional roads were 
picked for treatment during 1924. 


The first one of these to be treated 
was a 7-mile section of Route 19 be- 
tween Spartanburg and Inman, which 
bears a traffic of about 1,100 vehicles 
per 24 hours, the subgrade being 
mostly clay or a sand-clay mixturé rich 
in clay and the surfacing, top-soil of 
unusually good quality. For those un- 
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familiar with our local conditions and 
nomenclature it should be. added that 
what we designate as top-soil is ty"- 
ically a very small sized grave: with 
a sand-clay mixture as binder. It oc- 
curs chiefly on hills and knolls where 
the sand-clay soil, which is rich in clay, 
has weathered enough, usually with the 
aid of cultivation, so that the excess clay 
has been washed out leaving a mixture 
4 to 12 in. in depth over the fields which 
gives satisfactory results as road sur- 
facing material except during prolonged 
dry spells. This work was done dur- 
ing May, 1924, and was of two differ- 
ent types, one being practically the 
same as the thin treatment given sec- 
tion six on Route 2 between New 
Brookland and Cayce in 1923, namely 
% gal. per square yard of light tar 
(Specification No. 1), 1/3 to % gal. per 
square yard of heavy tar (Specification 
No. 4) covered with about 50 Ib. per 
square yard of crushed granite graded 
from 1% to % in. and rolled, both tars 








Route No. 2, a Inn. Placing Second 
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being heated. The second type was the 
same, except that “liquid asphalt,” a 
heavy asphaltic oil (Specification No. 
9), was used in place of the heavy tar, 
being applied hot. In order to make 
both of these types more nearly im- 
pervious to water before winter condi- 
tions took effect, they were given a 
locally called “seal coat” during No- 
vember, 1924. In connection with the 
first type this consisted of about 1/5 
gal. per square yard of light tar (Spe- 
cification No. 1) applied warm and cov- 
ered with coarse local sand. The seal 
coat given the second type consisted 
of about 1/5 gal. per square yard of a 
lighter grade “liquid asphalt” or 
asphaltic oil (Specification No. 6 ap- 
proximately) than the previous coat, 
applied warm and covered. with coarse 
local sand. Both of these types have 
stood up well so far and no further 
applications of bituminous materials 
have been made (other than that used 
in small patches) up to November, 
1926. 
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The second road to be surface treated 
during 1924 was a 71/8-mile stretch 
of Route 8 between Gaffney and Blacks- 
burg, which bears a traffic of about 
1,000 vehicles per 24 hours. Here the 
subgrade was also mostly clay or a 
sand-clay mixture rich in clay but the 
surfacing was largely “clay bound 
macadam,” consisting of crushed stone 
bound with clay or a sand-clay mixture 
rich in clay. Six different surface 
treatments were given the various sec- 
tions beginning at Gaffney as follows: 

All bituminous material being heated 
although this was not absolutely nec- 
essary for the prime coats and all 
single treatments and second coats of 
double treatments being covered with 
crushed stone and rolled. 

No. 1. % gal. per square yard of 
light tar (Specification No. 2), ap- 
proximately 45/100 gal. per square 
yard of heavy tar (Specification No. 4). 

No. 2. % gal. per square yard of 
light tar (Specification No. 2), approx- 
imately 45/100 gal. per square yard of 
“liquid asphalt” or heavy asphaltic oil 
(Specification No. 10). 

No. 3. % gal. per square yard of 
“liquid asphalt” or heavy asphaltic oil 
of same grade as used in No. 2. 

No. 4. Approximately 45/100 gal. 
per square yard of heavy tar of same 
grade as used in No. 1. 

No. 5. % gal. per square yard of 
light asphaltic oil (Specification No. 5 
approximately), approximately 45/100 
gal. of “liquid asphalt” (Specification 
No. 9) a slightly lighter grade of heavy 
asphaltic oil than used in Nos. 2 and 3. 

No. 6. % gal. per square yard of 
“liquid asphalt,” same grade of heavy 
asphaltic oil as used in No. 5. 

During August, 1925, it became nec- 
essary to scarify and retreat about 18 
per cent of No. 1, the double tar section 
about 18 per cent of No. 1, the double 
tar section adjacent to the city limits 
which was probably due to adverse 
conditions connected with the old sur- 
facing and traffic rather than to the 
surface treatment itself; about 3 per 
cent of No. 2, the tar-asphalt section; 
about 52 per cent of the combined 
length of Nos. 3 and 6, the single 
asphalt section; about 60 per cent of 
No. 4, the single tar section; and about 
33 per cent of No. 5, the double asphalt 
section; all of this retreatment being 
tar prime, asphalt second coat, cov- 
ered with crushed stone. During Jan- 
uary, 1926, all six sections were given 
a “seal coat” of 1/5 gal. per square 
yard of a fairly light “liquid asphalt” 
or asphaltic oil (Specification No. 7) 
applied warm and covered with coarse 
local sand and no further applications 
of bituminous materials have been 
made (except that used in small 
patches) up to November, 1926. 

In June and July of 1925 the South 
Carolina State Highway Department in 
conjunction with the Bureau of Public 
Roads of the United States Department 
of Agriculture constructed eleven sec- 
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tions of different experimental surface 
treatment of top-soil roads totaling 
approximately 15 miles in length, six 
of the experiments being on Route 15 
between Anderson and Clemson College 
and five on Route 19 between Inman 
and the North Carolina State line. The 
costs of construction and of mainte- 
nance have been kept separately for 
each section and the results obtained 
so far have been both interesting and 
of very considerable value to the South 
Carolina State Highway Department. 
The reason that they are not discussed 
further in this paper is because it is 
understood that the Bureau of Public 
Roads will soon issue a preliminary 
report on this joint experimental work. 

During the summer of 1925 it was 
decided to surface treat an additional 
6%-mile stretch of Route 19, a top-soil 
road, between Inman and the North 
Carolina line and also 7 miles of Route 
2, another top-soil road, between 
Greenville and Fountain Inn. By this 
time it seemed evident that although 
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months before work is to be started on 
the surface treatment proper, the old 
top-soil surfacing on the road is scari- 
fied, the necessary additional top-soil 
added and the road then shaped to the 
proper crown with road machines and 
opened to traffic so as to compact the 
loosened top-soil. It seems always to 
be a moot point as to just when this 
scarifying should be done. If it is done 
too long before the surface treatment, 
the road, although receiving the ordi- 
nary maintenance attention, is likely to 
get somewhat rough in the meantime; 
while on the other hand, if traffic is not 
given time enough to thoroughly com- 
pact the scarified top-soil, failures in 
the surface treatment over the soft 
spots will result. It is believed to be 
decidedly preferable to scarify and add 
top-soil several months before the sur- 
face treatment so that the top-soil will 
have a chance to compact during a 
number of wet spells and then to 
searify very lightly or machine very 
heavily a comparatively short time be- 














View of Route No. 8, Cowpens-Gaffney, 1926, Surface Treatment before Seal Coat Was Placed. 


Crushed Slag Covering in Foreground; 


both types of surface treatment given 
Route 19 during May, 1924, were hold- 
ing up well, the second type, in which 
asphalt was used in place of heavy tar 
for the second coat, was retaining its 
“life” somewhat better than the double 
tar treatment. Also sections 3, 4 and 
6 on Route 8 the single treatments of 
asphalt, tar and asphalt respectively 
given October, 1924, had not only de- 
veloped a larger proportion of failures 
than the adjacent double treatment but 
also showed in a few places a slight 
tendency to “push.” 

Bearing these results and the com- 
parative prices of bituminous materials 
in this particular part of the country 
in mind the type of treatment decided 
on for this additional 1925 mileage was 
tar prime coat, asphaltic second coat 
and asphaltic “seal coat” and with a 
few experimental exceptions this same 
type has been used on the approxi- 
mately 70 miles of surface treatment 
placed during 1926, the construction 
work being handled as follows: 


Methods of Construction—A few 





Crushed Granite Covering in Background 


fore the surface treatment so as to 
avoid. perpetuating corrugations or 
other rough spots, it being understood 
of course that during all of this time 
the usual continuous maintenance work 
is carried on. 


The top-soil surfacing is then swept 
with a revolving broom pulled behind 
a truck, and any loose material that 
still remains in place is removed with 
hand brooms. The tar prime coat 
(Specification No. 1) is then applied, 
usually at a temperature of around 
125 deg. F. and at a rate of from % 
to 1/3 gal. per square yard, which is 
as much as the top-soil will absorb 
readily in one application. The road is 
ordinarily closed to traffic and the 
prime coat allowed to dry out for about 
24 hours in warm dry weather and a 
correspondingly longer time in cold or 
damp weather. If it is impossible to 
keep traffic off the prime coat enough 
sand is spread over it to keep it from 
“picking up” and any loose sand re- 
maining is swept off just before the 
second coat is applied. It is of course 
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impracticable to avoid having an occa- 
sional pot hole or rut in the top-soil 
surfacing and after the prime coat has 
been applied, these are filled with 
crushed stone, which seems to take care 
of them in a fairly satisfactory man- 
ner. 

The second coat, which is of “liquid 
asphalt,” a heavy asphalt oil (Specifi- 
cation No. 10 in 1925 and No. 11 in 
1926) is then applied at a temperature 
of around 300 deg. F. and at a rate of 
approximately 1/3 gal. per square yard 
and this is immediately covered with 
about 50 lb. per square yard of 
crushed granite graded from 1% down 
to % in. which has been previously 
deposited in piles along the shoulders 
of the road and is spread by hand 
with shovels (scoops). In order to 
obtain a more even distribution two 
men usually follow the shovelers and 
level off the high spots with rattan or 
wire push brooms and they are fol- 
lowed immediately by a 3-wheeled 
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square yard and immediately covered 
with about 15 lb. per square yard of 
coarse sand. 


We have also used a small amount 
of a “cut-back” product (Specification 
No. 8) similar to the old OC-2 de- 
scribed in the Department of Agricul- 
ture’s Bulletin No. 691. This did not 
bleed over as long a period as the other 
nor get as slippery in wet weather. 
On the other hand it costs more in our 
locality and we have not been able to 
“work in” nearly as high a proportion 
of sand, which results in a much thin- 
ner seal coat. Under our present prac- 
tice nearly all of the wear on the sur- 
face treatment is taken care of by the 
seal coat, making any decided re- 
duction in thickness seem uneconomical 
and, consequently, our use of the 
cut-back material has been rather re- 
stricted. 


Construction Costs.—The amounts of 
materials used on, and the cost of con- 

















View of Route No. 8, Anderson-Greenville, 1926. Surface Treatment; No Seal Coat Placer 


power roller. A 10-ton roller was used 
originally and, although it would prob- 
ably be satisfactory for use with a less 
friable stone, it was found to crush the 
larger pieces of our granite somewhat 
more than we desired and the weights 
of the rollers now being used are from 
5 to 6 tons. 

After rolling, the treatment has the 
appearance of a crushed granite surfac- 
ing with but few signs of bituminous 
material showing on the surface. It is 
opened to traffic at once and as time 
goes on a small part of the crushed 
granite is “whipped” to the sides, the 
asphalt works up through the remain- 
der and the treatment consequently be- 
comes darker in color. After the lapse 
of several months and nearly always 
before the next winter, a “seal coat” is 
applied to make it more nearly im- 
pervious to water. This consists of 
“liquid asphalt,” a fairly light asphaltic 
oil (Specification No. 6 approximately 
in 1925: and No. 7 in 1926) applied at 
a temperature of around 175 deg. F., or 
higher if the flash point permits at a 
rate of approximately 1/5 gal. per 


struction of, three typical jobs are as 
follows: 


Route 2, Greenville-Fountain Inn, 
10.83 miles treated for width of 18 ft. 
in 1925. Tar prime .292 gal., asphaltic 
second coat .358 gal. and crushed stone 
50.4 lb. per square yard at a cost of 
$1,885 per mile. “Seal coat” at cost 
of $202 per mile. 

Route 8, Cowpens-Gaffney, 6.93 miles 
treated for width of 20 ft. in 1926. Tar 
prime .300 gal., asphaltic second coat 
.352 gal. and crushed stone 54.1 Ib. per 
square yard at a cost of $1,846 per 
mile. No “seal coat” placed up to Oct. 
10, 1926. 

Route 8, Anderson-Greenville, 28.2 
miles treated for width of 20 ft. in 1926. 
Tar prime .263 gal., asphaltic second 
coat .376 gal. and crushed stone 54.2 
Ib. per square yard at a cost of $2,069 
per mile. No “seal coat” placed up to 
Oct. 10, 1926. 

It is to be noted that the above costs 
do not include cost, interest charges or 
depreciation of heavy equipment such 
as trucks, rollers and distributors nor 


cost of the engineering supervision 
given the work by the Division and 
headquarters offices. Also that the cost 
of the preliminary work of putting the 
top-soil surfacing in first class condi- 
tion is not included. Nearly all the 
sand used in the “seal coat” on the first 
of these three jobs was taken from the 
side ditches, which accounts for its low 
cost. Ordinarily the sand is hauled 
from nearby creek beds and dumped in 
piles along the shoulders of the road 
and in such cases the same type of 
“seal coat” costs very close to $300 per 
mile. 

Maintenance.—For a week or so 
after the completion of the surface 
treatment, exclusive of the “seal coat,” 
a power roller is of considerable value 
in the maintenance work, during hot 
weather particularly. In cases of par- 
tial failures due to poorly compacted 
top-soil, if sufficient moisture is present 
in the soil it can sometimes be com- 
pleted and the broken surface treat- 
ment rebonded by rolling, without the 
use of additional materials. However, 
after the surface treatment has “set 
up,” we make no further use of the 
rollers, the maintenance equipment con- 
sisting of trucks, trailer type portable 
heating kettles equipped with hand 
pump, hose and spray nozzle and the 
necessary small tools, including tamps. 
Pot holes, caused usually by sand pock- 
ets or an excessive amount of clay and 
mica in the top-soil, as well as narrow 
strip failures due to a nozzle on the 
distributor having become blocked dur- 
ing the application of the second coat, 
are patched promptly as they occur. 
Both “liquid asphalt,” a heavy asphaltic 
oil of the same specification as that 
used in the second coat, and cold patch 
are used. Enough crushed stone for 
use with the former for a considerable 
length of time is available from the 
excess “whipped” to the side of the 
surface treatment. Crushed stone of a 
somewhat smaller maximum size than 
that in the original treatment, is 
shipped to convenient points where it 
is mixed with the cold patch and the 
mixture stored until it is taken out to 
the road on trucks. The patching done 
in place with the heavy asphaltic oil 
is somewhat cheaper but has the dis- 
advantage that the tendency of the 
average workman, particularly of a 
“green” one, to use altogether too much 
bituminous material, results in patches 
that are thicker than the adjacent sur- 
face treatment, which of course pro- 
duces irregularities in the road surface. 


Under traffic, the surface treatment, 
particularly if the original treatment 
was narrow, constantly tends to lose 
width by failure of the outer edges. 
We have tried to obviate this by thick- 
ening the edges during construction and 
to control it during maintenance by not 
only thickened edges but also by the 
use of both cold patch mixture and 
crushed stone bound with asphalt of 
85 to 100 penetration. The results ob- 
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tained so far seem somewhat promis- 
ing but not very decisive. 

The maintenance costs of our first 
surface treatment of a top-soil road, 
the 7-mile stretch on Route 19 between 
Spartanburg and Inman _ previously 
mentioned, have not been kept sepa- 
rately for the two types of treatment 
but are rather interesting nevertheless. 
The “seal coat” cost $304 per mile and 
the first year’s maintenance cost ex- 
clusive of the seal, amounted to $385 
per mile. The second year’s main- 
tenance cost was $258 per mile and its 
present condition indicates that the cost 
during the third year will probably not 
exceed $300 per mile. These costs in- 
clude work on the shoulders, ditches 
and culverts, etc., but do not include 
depreciation of equipment or cost of 
supervision by the division or headquar- 
ters offices and are for a route that 
would cost at least $600 per year to 
maintain properly as an untreated top- 
soil road. 

The first year’s maintenance cost of 
the 10.83 mile stretch on Route 2 be- 
tween Greenville and Fountain Inn com- 
pleted in 1925 amounted to $451 per 
mile exclusive of the $202 per mile 
“seal coat.” This is about in line with 
the above, considering the fact that the 
treatment was some 2 ft. wider than 
on the older road and the quality of 
top-soil inferior. 

Value and Adaptability —Although 
our experience with this type of sur- 
face treatment has been comparatively 
short lived, we have reached some 
rather tentative conclusions, chief 
among which are the following: 

First, that this particular treatment 
is absolutely unsuited for use on such 
of our roads as have a poor quality of 
sand-clay or other earth surfacing that 
has not sufficient inherent ‘supporting 
strength to prevent deformation under 
the usual wheel loads of highway traffic. 

Second, that the treatment is suitable 
and economical for use on those of our 
roads having a good quality of top-soil 
surfacing and carrying a fairly dense 
traffic largely of motor vehicles of 
which only a small proportion are 
heavily loaded trucks, and under these 
particular conditions, makes at least a 
valuable “stop gap” until funds become 
available for paving. 

For instance take the seven mile 
stretch on Route 19 between Spartan- 
burg and Inman that was completed 
early in the summer of 1924. The prep- 
aration of the top-soil surfacing cost 
less than $200 per mile, the original 
surface treatment not over $2,000 and 
the “seal coat” $304 per mile, the first 
year’s maintenance $385 and the second 
year’s maintenance $258 per mile. 

Thus the construction plus the main- 
tenance cost divided over the two-year 
period amounts to about 1,573-1/3 dol- 
lars per mile per year. The present 
condition of the road indicates that the 
third year’s maintenance cost should not 
run over $300 per mile which would 
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APPENDIX 
Specifications of Bituminous Materials Used 
Light Tars 
The tar shall conform to the following requirements: 
(a) Water Not more than 2.00 per cent 





(b) Specific viscosity, Engler, 50 cc. at 40° C. (104° F.) 8 to 13. 

(c). Distillation test on water-free material: 
Total distillate, by weight, 0 to 170° C. (32 to 338° F.)...Not more than 7.00 per cent 
Total distillate, by weight, 0 to 235° C. (32 to 455° F.)....Not more than 20.00 per cent 
Total distillate, by weight, 0 to 270° C. (32 to 518° F.)....Not more than 30.00 per cent 
Total distillate, by weight, 0 to 300° C. (32 to 572° F.)....Not more than 35.00 per cent 

(d) Specific gravity at 25°/25° C. (77°/77° F.) of total 








distillate to 300° C. (572° F.) Not less than 1.01 
(e) Softening point (Ring-and-Ball Method) of residue 
from distiNation test Not more than 60° C. (140° F.) 


(f) Total Bitumen (Soluble in Carbon Disulphide) 88 to 97 per cent. 


Same as No. 1 except: 

Specific viscosity, Engler, 50 cc. at 40° C. (104° F.) 11 to 16. 

Same as No. 1 except: 

Specific viscosity, Engler, 50 cc. at 40° C. (104° F.) 18 to 25. 

Heavy Tar 

The tar shall conform to the following requirements: 

(a). Water 0.00 per cent 

(b) Float test at 32° C. (89.6° F.)—150 to 210 sec. 

(c) Distillation test: 
Total distillate, by weight, 0 to 170° C. (32 to 338° F.)....Not morethan 1.00 per cent 
Total distillate, by weight, 0 to 235° C. (32 to 455° F.)....Not more than 10.00 per cent 
Total distillate, by weight, 0 to 270° C. (32 to 518° F.)....Not more than 15.00 per cent 
Total distillate, by weight, 0 to 300° C. (32 to 572° F.)....Not more than 25.00 per cent 
Residue by weight, not less than 75.00 per cent. 

(d) Specific gravity at ¥. C. (77° F.) of total distillate 








to 300° C. (572° F.) Not less than 1.03 
(e) Softening point (Ring-and-Ball Method) of residue 
from distillation test Not more than 65° C. C. (149° F.) 





(f) Total Bitumen (Soluble in Carbon Disulphide) 78 to 95 per cent. 
Light Asphaltic Oils (““Liquid Asphalts’’) 





















































Min. Max. 
Specific Gravity @ 60° F. -93 -96 
Weight per gallon @ 60° F., Ib 7.83 
Saybolt Viscosity @ 130° F. 350 400 
Specific ya NS ae @ 122° F. 6 10 
Flash (Open Cup) F 220 
Volatility, 50 gr., 5 hrs., 325° F, per cent..... 18 
Asphalt of 100 Pen. @ 500° F, per cent 45. 50 
Solubility in Carbon Bi-Sulphide, per cent 99.8 
Specific Gravity 60° F. -935 .965 
Beaume Gravity 60° F. 16 19 
Weight per gal., 60° F., Ib 7.85 
Penetration 77° F. 100 gr. 5 sec too soft 
Viscosity Saybolt 400 500 
Viscosity Engler (Specific) 2.4 3.0 
Flash point (Open Cup) ° F. 200 
Volatility 20 gr., 5 hrs., 325° F. 16% 
Asphalt 100 Pen. @ 500° F, per cent 55 
Soluble in Carbon Disulphide, per cent. 99.8 





This material shall have the following characteristics: 

(a) It shall be free from water. 

(b) The various hydrocarbons composing it shall be present in a homogeneous solution. 

(c) It. shall have a specific gravity at 60° F. of not less than 0.935. 

(d) Viscosity Engler Specific, 212° F., 2.4 to 4.4. 

(e) Flash, Open Cup, F.°, not less than 200. 

(f) It shall have an oven evaporation loss at 325° F. of not more than 16 per cent. 

(g) When evaporated in the open air at a temperature not exceeding 500° F. until the 
residue remaining has a penetration (77° F., 100 gr., 5 sec.) of 100, the amount 
of such residue shall not be less than 60 per cent of the original oil. 
ductility at 77° F. of this residue shall be not less than 25 cm. (Dow mold). 

(h) Its solubility at air temperature in carbon disulphide shall be at least 99.5 per cent. 

The road oil shall be homogeneous, free from water. 

It shall meet the following requirements: 

(a) Specific gravity 25°/25° C. (77°/77° zap A to 0.970. 

(b) Flash point—not more than 50° C. (122° F.). 

(c) Specific viscosity at 25° C. (77° F.), 20 to 120. 

(d) Loss at 163° C. (325° F.) 5 hours—not more than 30 per cent. 

Float test of residue at 50° C. (122° F.)—not less than 90 sec. 

(e) Total bitumen (soluble in carbon disulphide)—not less than 99.5 per cent. 

(f) Per cent of total bitumen insoluble in 86° F. naptha, not less = 6.0 per cent. - 

ax 


in. 
Heavy Asphaltic Oils (‘Liquid Asphalts’’) 





















































Specific Gravity at 60° F 1.00 1.02 
Beaume Gravity at 60° F. » 

Weight per gallon, 60° F., lb 8.38 
Penetration, 77° F., 100 gr., 5 sec 

Viscosity—Saybolt (Temp.) 1700 (212° F.) 2300 
Viscosity—Engler Specific (Temp.) 47 (212° F.) 66 
Flash, Open Cup, ° F. 365 

Volatility, 50 gr., 5 hrs., 325° F., per cent 4u 
Asphalt 100 Pen. at 500° F., per cent 80 
Solubility—Carbon Bi- Sulphide, per cent 99.8 

Specific Gravity at 60° F. 1.01 1.03 
Beaume Gravity at 60° F. 

Weight per gallon, 60° F., lb ‘ 8.46 
Viscosity—Saybolt (Tem p.) liaeeoe 2300 (212° F.) 3500 
Viscosity—Engler Specific (Temp.) 65 (212° F.) 75 
Flash, Open Cup, ° F scclleninbies 365 

Volatility, 50 gr., 5 hrs., 325° F., per cent 3 
Asphalt 100 Pen. at 500° F., per cent 82 





Solubility—Carbon Bi- Sulphide, per cent 99.8 
The asphalt shall be homogeneous free from water, and shall not foam when heated to 
175° C. (347° F). 
Physical and chemical properties. 
It shall meet the following ey —¥ 
(a) Specific gravity 25°/25° C. (77° iy" F.) Pw less than 1.00. 
(b) Flash point not less than 175° C (347° F.). 
(c) Penetration at 25° C. (77° F.) 100 gr., 5 sec.—15 to 200. 
(d) Loss at 163° C. (325° F.) 50 gr., 5 hours, not more than 2.0 per cent. 
Penetration of residue at 25° C. (77° F.) 100 gr., 5 sec., as compared to penetration 
before heating—not less than 60 per cent. 
(e) Bitumen (soluble in carbon disulphide) not less than 99.5 per cent. 
Organic matter insoluble not more than 0.2 per cent. 
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give a construction plus maintenance 
cost over a three-year period of $1,149 
per mile per year; and even if it should 
become necessary to place the second 
“seal coat” before the expiration of the 
third year, this cost would be increased 
to only about $1,249. 

The construction costs of the work 
being done this year do not run much 
higher than those given above. The 
Anderson-Greenville road, a long haul 
job, cost about $209 per mile more for 
the preliminary work and $60 per mile 
for the original surface treatment, 
a total increase of $269. The Cowpens- 
Gaffney road, on which an unusually 
large number of curves were banked, 
cost $729 more per mile for preliminary 
work and $154 less per mile for orig- 
inal surface treatment, a net total in- 
crease of $575. 

The cost of the “seal coat” on these 
two roads should not be more than the 
$304 mentioned, and we have no rea- 
sons to anticipate that the maintenance 
costs will be very much higher. In the 
case of the Spartanburg-Inman job we 
have given the traveling public a road 
with excessive crown (the crown of the 
old top-soil surface was not materially 
reduced), unbanked curves, consider- 
ably rougher riding than pavement but 
altogether smoother than the average 
condition in which top-soil surfacing 
can be maintained within a reasonable 
cost, and which is dustless and not af- 
fected by adverse weather conditions. 
In the other two cases, the crown has 
been suitably reduced, the curves 
banked and the roads are not only dust- 
less and unaffected by adverse weather 
conditions but also nearly as comfort- 
able to ride over as the average pave- 
ment. 

These construction plus maintenance 
costs just given do not include cost, in- 
terest charges or depreciation of heavy 
equipment nor cost of engineering su- 
pervision given by the division and 
headquarters offices. However, if you 
will go ahead and add any amount in 
reason to cover this omission and then 
compare your figures with the interest 
charges on the construction cost plus 
the cost of maintenance of the usual 
types of high class pavement (say 5 
per cent on $25,000 plus at least $150 
per mile for maintenance of shoulders 
and ditches, etc., a total of $1,400 per 
mile per year) I believe that you will 
agree with me in concluding that our 
surface treatment of existing top-soil 
roads has enabled the South Carolina 
State Highway Department to give its 
traveling public a much larger mileage 
of comfortably riding roads than would 
otherwise have been possible; that dur- 
ing a period of three or four years, the 
cost of construction plus maintenance 
of the surface treatment should not ex- 
ceed the interest charges on construc- 
tion cost plus maintenance cost of a 
high class type paving; that the result- 
ing three or four years extension of 
life of the paving should at least take 
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care of any anticipated increase in its 
construction cost due to the postpone- 
ment; and that it is well worth while 
for other localities, who may have simi- 
lar conditions to meet, to investigate 
and experiment with this and other 
types of surface treatment. 





Wider Pavements vs. 
Alternate Routes 


Paper Presented at 1926 Convention 
of American Association of State 


Highway Officials 


By A. W. DEAN 


Chief Engineer, Division of Highways of 
Massachusetts 


The abbreviation “vs.” in its most 
common use signifies a contest or bat- 
tle, either athletic or legal, but as used 
in the title of this paper on the pro- 
gram it can have no such significance, 
as the wide pavement and the alternate 
route each has its own field of eminence, 
as does theboxer and the wrestler. 


Pavement Widths.—Through routes 
are annually becoming more congested 
with traffic and necessity very widely 
exists for a greater width of pavement 
in some instances and alternate routes 
in others. It has been quite thoroughly 
demonstrated that adequate pavements 
should be designed on a 10-ft. unit 
basis, meaning 10 ft. in width for each 
line of vehicles. It would appear at first 
thought that the width should be in even 
multiples of 10, that is 20, 40, and 60 
or greater widths. Nevertheless it is 
found by actual observation of results 
that a pavement on rural roads 30 ft. 
in width actually carries practically 
double the vehicles per hour as does the 
same pavement 20 ft. in width, the ex- 
planation being that the traffic in one 
direction is greater at certain hours of 
the day than in the other direction, and 
a 30-ft. pavement provides for two lines 
of vehicles in one direction and one 
line in the opposite direction. Par- 
ticularly on routes leading into large 
cities it is very evident that there is a 
large amount of traffic toward the city 
in the morning hours, with a small 
traffic leading out of the city, whereas 
in the afternoon the condition is re- 
versed. Hence the odd unit of width is 
permissible, as it provides space for 
taking care of the morning and after- 
noon peak loads. 

In determining the width to be con- 
structed it would be unwise and un- 
economical to be governed by the peak 
loads of traffic where such peak loads 
occur only three or four times per year, 
but the roadway should be of sufficient 
width to take care of the frequent or 
daily peak loads. 

Objections to Very Wide Pavements. 
—A most serious objection to very 
wide pavements is the difficulty in han- 
dling traffic of both vehicles and pedes- 
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trians at intersections. In most in- 
stances it is impracticable to control 
traffic at intersections by any auto- 
matic device, hence the presence of a 
traffic officer becomes necessary for the 
safety of the traveling public. 


In some of the older cities where 
much traffic is necessarily confined to 
one artery, wide pavements are neces- 
sary, but in cities that have been 
planned during the last century the 
street arrangements are such that ex- 
tremely wide pavements are unneces- 
sary, as alternate routes through 
parallel streets may be easily adopted. 
These alternate routes in cities may be 
made of greater traffic capacity by es- 
tablishing one-way traffic rules with 
right angle turns. On routes between 
centers that are some distance apart 
the topography and local conditions 
have great bearing in determining the 
advisability of wide pavements or 
parallel routes. In hilly sections the 
cost of constructing wide pavements, 
while not necessarily prohibitive, might 
be so expensive as to warrant the con- 
struction of a parallel route, that is, 
two parallel routes might be con- 
structed under these conditions at less 
expense than one wide route. 


Alternate Routes—In the more 
thickly populated states there are ex- 
existing ways that could be utilized as 
parallel or alternate routes if properly 
reconstructed, and where such condi- 
tions exist the construction of an al- 
ternate route is much to be preferred, 
as it leads to a development and in- 
crease in value of property, said in- 
crease being nearly double what the 
increase would be if only one route is 
constructed. 

The policy is suggested, therefore, 
that the extremely wide pavement be 
constructed only at the immediate ap- 
proaches to large cities, where large 
volumes of traffic are of necessity con- 
verged to one artery, or where the dis- 
tance is comparatively short between 
largely populated cities, in which case 
the tendency of all travelers is to take 
the most direct route. 


Wherever these pavements are 60 ft. 
or more in width, safety islands should 
be provided for pedestrians, and care- 
ful regulations should be made and en- 
forced to insure the safety of all travel 
at intersections or crossings. Elsewhere 
and at all places where feasible, the 
policy is suggested that alternate 
routes be constructed. Utilizing ex- 
isting parallel roads where properly 
located, straightening them where 
necessary, connect up missing links by 
building on new locations, by pass the 
small business centers and also the 
large ones where possible, and you will 
then have a route that is logical and 
desirable for the long distance traveler, 
leaving the original route for the local 
travel and thus effectually dividing the 
traffic and relieving the congestion in 
business centers. 
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Highway Reconstruction in California 


Practices of State Highway Department Described in Paper Presented Nov. 10 at Annual Convention 
of American Association of State Highway Officials 


There have been definite steps or 
epochs in the financing of the highways 
of California. First came the period 
of bond financing. From 1908 until 
1919, highway construction bonds were 
popular for both county and state 
highways. Three state bond issues 
brought the sum of $73,000,000 for new 
construction. From 1908 until 1919 
about 25 counties bonded for a total of 
$50,000,000, all for the construction of 
non-urban highways. Bond financing 
seems now to be less popular, due to 
the fact that most of the communities 
already have the benefit of improve- 
ment of the main arteries of traffic. 


The second period of highway financ- 
ing began in California in 1915, with 
an assessment on motor vehicles suffi- 
cient in amount to permit the under- 
taking of organized and extensive 
maintenance, and, during more recent 
years, of reconstruction. In 1923, a 
2-c. gas tax measure, the revenue 
equally divided between state and 
counties, was enacted, which further 
increased the amount to be devoted to 
maintenance and reconstruction. In 
November of this year, the voters of 
the state will again pass on pay-as- 
you-go methods of financing, ane of 
which is an increase of one cent in the 
gas tax, and the other, a direct appro- 
priation from the general funds of the 
state, both measures providing for new 
construction. The fact that these 
measures are on the ballot shows the 
definite trend toward requiring the 
road user to pay the bill for extension 
to the highway system, as well as for 
maintenance, repairs, widening, resur- 
facing and reconstruction. 

Meeting Requirements for Safe Mo- 
tor Travel—In the beginning of our 
construction, with property-holders 
paying the bill, the refinements de- 
manded by the motorist were consid- 
ered of secondary importance. The 
situation is now reversed. Inasmuch 
as the motorist seems to be willing to 
accept the burden of paying, the high- 
way authorities closely analyze the re- 
quirements which the motorist demands 
in his roadway. In California, our en- 
gineers regard the requirements for 
safe motor travel as more important 
than the demands of adjacent property. 

Reconstruction of state highways 
(including those sections built by the 
counties on state highway locations), is 
a recognized business of the highway 
department in California. The item is 
included in the state’s biennial budget, 
and definite amounts are fixed to be 


By ROBERT M. MORTON 
State Highway Engineer of California 


devoted solely to this purpose. As in 
Pennsylvania, we find that our best 
sections of highway, due to later con- 
struction, are quite often located in 
remote districts where traffic is com- 
paratively light. Our poorest sections, 
most needing attention, are located 
near the large centers of population. 
Their term of usefulness has been 
shortened not only by the inadequacy 
of their early construction, but because 
of being overwhelmed by the vast in- 
crease in modern traffic. 


Deteriorated Sections Reconstructed 
First.—As in Pennsylvania, our depart- 
ment performs reconstruction work on 
first, sections which have deteriorated 
to the point where their maintenance is 
no longer economical, and surfaces can- 
not be maintained smooth; and second, 
where the need is for widening of the 
existing facilities rather than for re- 
surfacing. 


The second chance at the job includes 
complete relocation of unsafe or un- 
economically located highways. In our 
department it seems to be the usual 
thing to have one or more high pow- 
ered and expensive condemnation suits 
to obtain new location on each recon- 
struction job. Our legal department is 
swamped with work, and during the 
past two years, we have been com- 
pelled to form a right of way organi- 
zation, with a representative in each 
division to take over the detail of se- 
curing new right of way. This involves 
widening of the old right of way, and 
negotiations for the moving of en- 
croachments, as well as the securing 
of right of way for new location. 
Whereas, 10 and 15 years ago, our 
standard width of right of way was 
60 ft., on new locations we are now 
obtaining not less than an 80-ft. width, 
and, in many cases, a 100-ft. width. 
New right of way adds considerably to 
the cost of our reconstruction projects. 

High standards of alignment are 
used, and possible obstructions to sight 
are carefully avoided. We have seen 
the legal speed limit increased from 20 
to 35 miles per hour, and we expect 
to see the day when the limit will be 
governed by the speed capacity of the 
vehicle and the skill of the driver. 
High speed on the highway requires a 
standard of alignment at least equal to 
that on the modern railroad. 

Increase of Traffic Lanes.—Our re- 
construction work proceeds on the defi- 
nite theory that at some point in. the 
traffic count, we should increase our 
number of traffic lanes. We are con- 
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vinced that 10 ft. is the proper width 
for each traffic lane. Pavements 15 or 
16 ft. in width are overcrowded with 
2,000 vehicles a day, and should be 
widened. Such widths have no place in 
the category of economical highway 
widths. Two lane pavements 20 ft. in 
width easily handle traffic up to 6,000 
vehicles per day, and are as service- 
able up to 10,000 vehicles as a 15-ft. 
width is up to 2,500. When we under- 
take reconstruction on a section where 
the traffic is nearing 6,000 vehicles per 
day, we add another traffic lane and 
construct to a width of 30 ft. 

As yet we are undecided as to the 
maximum capacity of a three traffic 
lane road. In the few cases where a 
width greater than 30 ft. has been con- 
structed, namely, 36 and 40 ft., we find 
the roads handling 20,000'vehicles per 
day with ease and safety, but we are 
not convinced that this is entirely the 
result of the highway width. It is per- 
haps influenced by more restricted 
speed because of the great amount of 
adjacent local development, street and 
highway intersections, and local traffic. 


We are convinced that in all but ex- 
ceptional cases, the duty of the state 
to defray all costs of construction ends 
when a pavement 30 ft. in width has 
been installed. At some point, the 
benefit to abutting property should be- 
come a factor in defraying costs. In 
our state, 30 ft. seems to be the ac- 
cepted division point. We are building 
streets in a few locations, to widths 
varying from 56 to 80 ft. between 
curbs; and local assessment on adjacent 
property benefited, is the means used 
to pay all cost for improvement over 
30 ft. These wide projects usually are 
initiated by the property owners, and 
are encouraged and aided by the high- 
way commission. 

In the reconstruction of pavements 
because of deterioration, with resultant 
high maintenance costs and _ unsat- 
isfactory traveling conditions, the con- 
dition of the metal or base already in- 
stalled, which depends somewhat on 
the character of the underlying soil, 
has large financial bearing. We make 
extensive use of both asphaltic con- 
crete and hydraulic concrete mixtures 
in reconstruction. 

Resurfacing With Asphaltic Con- 
crete.—In cases where a concrete base 
is considered to be in fair condition, as 
determined by detailed crack surveys, 
our practice is to use asphaltic concrete 
in the resurfacing on level country. 
The specifications for this type gener- 
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ally provide for a minimum thickness 
of 2 in. at the center of the old pave- 
ment, and in order to reduce the crown, 
this increases to 3 in. at the edge of the 
old 15-ft. pavement. 

In combination with asphaltic types 
of resurfacing, we have successfully 
used for the increase from 15 ft. to 20 
ft. in width, both asphaltic concrete 
shoulders and portland cement con- 
crete. 

Where the shoulder is made of as- 
phaltic concrete, a subgrade is excavat- 
ed, and a 5-in. base course is rolled 
flush with the edge of the old pave- 
ment. The succeeding courses of as- 
phalt surfacing are spread to the full 
20-ft. width. When the construction is 
portland cement concrete, shoulders 
2% ft. in width and 7 or 8 in. deep are 
usually installed on each side, raised 
about 2% in. above the edge of the old 
pavement. Work progresses on only 
one side at a time in order to interfere 
with normal traffic to the least possible 
extent. 

Asphaltic Concrete Shoulders.—We 
have as yet seen no failure in the use 
of asphaltic concrete for shoulders. The 
crack which it was expected might de- 
velop over the edge of the old con- 
crete has not materialized. We limit 
this type of shoulder construction, 
however, to well drained or sandy soils 
of a stable nature. 

We find the cost of asphaltic resur- 
facing, as above described, using as- 
phaltic shoulders, to average about 
$18,000 per mile. Asphaltic resurfac- 
ing confined between portland cement 
concrete shoulders averages about 
$1,000 per mile more. The advantages 
of the portland cement shoulder seem 
theoretical rather than practical. 


Resurfacing and Widening With 
Portland Cement Concrete.—Portland 
cement concrete resurfacing and widen- 
ing is chosen for sections where the 
underlying soil is of an unstable na- 
ture, and where grades are encountered. 
On such sections, we usually find the 
existing pavement to be in poorest 
condition, and in many cases, its value 
as a base has greatly deteriorated. For 
this type of construction, we have 
standardized on a section with a mini- 
mum thickness of 5 in. at the center, 
7 in. at the edge of the old pavement, 
and 9 in. atthe edge of the new pave- 
ment. We place short reinforcing bars 
or equivalent wire mesh along the out- 
side edge, extending in for a width of 
4 ft., to aid in preventing settlement 
cracks over the edge of the old con- 
crete. We use a center longitudinal 
division, without dowels, usually con- 
structed by means of deep scoring in 
the fresh concrete with a device which 
we have developed for the purpose. On 
some recent jobs, we have placed 
longitudinal reinforcement along both 
center and outside edges to aid in pre- 
venting shrinkage cracks, with gaps at 
expansion joints. 

Our section on this type of work calls 
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for 2,118 cu. yds. of concrete per mile, 
the average cost is about $24,134. 

To July 1, 1926, there have been re- 
surfaced with asphaltic concrete, in 
California, 299 miles of highway. With 
portland cement concrete, there have 
been resurfaced 130 miles. The total 
expended on pavement resurfacing and 
widening, including contracts under 
way on the first of July, 1926, is $14,- 
192,467. This does not include the cost 
of new right of way. 

Relocation and Reconstruction of 
Unpaved Roads.—We are engaged in the 
relocation and reconstruction of many 
miles of graded and rock surfaced 
roads which are not yet paved. This 
work really involves the making of 
new locations, and the new center line 
rarely follows the center line of the 
old improvement. Our present work 
of this nature is mostly in mountainous 
regions, and constitutes an improve- 
ment in standards of width, grade, 
alignment and curvature. We are ex- 
pending from $40,000 to $75,000 per 
mile on such grade improvement on the 


highway connecting California and 
Oregon in the Sacramento River 
Canyon. The work also includes re- 


locations to cross canyons at their 
mouths by means of concrete bridges 
and viaducts, thereby materially short- 
ening the distance, rather than per- 
petuating the longer location which 
heads the canyons. 

On all of our reconstructed sections, 
the bridge width becomes an important 
matter. Our practice is to build a mini- 
mum width of 24 ft. on highways 
where we think we can foresee that a 
20-ft. pavement will probably be ade- 
quate. On sections where a _ wider 
pavement can be foreseen, we are con- 
structing bridges with roadway widths 
of from 30 to 40 ft. Sidewalks are be- 
ing constructed on many of our 
bridges. 

Our conditions and results do not 
lead to favorable comments on experi- 
ments under way of resurfacing with 
portland cement concrete to a depth of 
3 in. or less. Where resurfacing with 
portland cement concrete seems to be 
necessary on account of base and foun- 
dation conditions, it is our opinion that 
we are not justified in undertaking 
construction which may prove inade- 
quate, particularly in view of almost 
certain future increases in the number 
and weight of trucks. Both our as- 
phaltic concrete construction and port- 
land cement construction are under the 
most rigid control and inspection. Our 
asphaltic concretes show a_ density 
equivalent to 150 lbs. weight per cu. 
ft. In our portland cement concretes, 
with thorough control of aggregates 
and water, we are getting average 
strengths well above 4,000 lbs. in com- 
pression per sq. in. Even with this 
thorough control, we do not believe it 
wise to reduce the thickness of con- 
crete resurfacing below an average of 
6 in. on the existing pavement. 
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Device for Supporting Rein- 
forcing Steel 


A recent device for supporting re- 
inforecing steel in the construction of 
concrete pavements consists of a bar 
carrying adjustable hooks that hold the 
reinforcement in correct position during 
the placing of the concrete. The bar, 
when in use, rests across the header 
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boards as shown in the accompanying 
sketch. The arrangement is left in posi- 
tion until the concrete has been spread 
and is removed just ahead of the 
tamper. The hooks are adjustable and 
can be changed for different thickness 
of pavement. The device was perfected 
by Resident Engineer W. D. Eaton and 
Assistant Resident Engineer Walter T. 
Lamb in the John & Bressie contract 
in San Diego County, California. 





69,334 Miles of Improved Federal-Aid 
Roads.—Federal-aid road projects com- 
pleted during the fiscal year June 30, 
1926, amounted to 9,417. Added to the 
mileage improved with federal assist- 
ance in previous years, the above brings 
the total length of improved federal-aid 
roads up to 55,902 miles. At the close 
of the fiscal year construction was in 
progress on 10,962 miles and projects 
involving the improvement of 2,469 
miles additional had been approved. 
Including the mileage of projects in 
these latter stages, all of which are 
included in the federal-aid system, the 
total mileage improved or in process of 
improvement with federal aid was 
69,334.1 miles. 





Annual Meeting of Asphalt Paving 
Technologists 


The annual meeting of the Associa- 
tion of Asphalt Paving Technologists 
will be held Jan. 13 during the week 
of the Road Show. The technical 
session will be held at 10 a. m. at which 
time committee reports will be received 
and discussed. The business meeting 
will be held at 2 p. m. The meetings 
will be held in the Old Colony Club 
Rooms at the Hotel LaSalle. Hugh W. 
Skidmore, 536 Lake Shore Drive, Chi- 
cago, is president. 
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Conserving Gravel 


Roads 


Experiences in Alabama Outlined 
in Paper at 1926 Meeting of 
American Association of 


State Highway Officials 


By W. A. McCALLA 
State Highway Engineer of Alabama 


Gravel is a very general term and is 
applied without qualifying clauses to 
any deposit of fairly hard fragments 
of stone mixed with sand, clay or silt, 
ranging, in the United States, from 
glacial drift through angular fragments 
of flint or other hard stones left as a 
float by the breaking down and weath- 
ering away of the older and softer rocks 
in which these hard particles had been 
embedded, to beds of water worn- 
rounded and polished pebble which have 
been accumulated, transported long dis- 
tances, and deposited during the ages 
by our rivers and streams, or that have 
been shingle on the beaches of ancient 
seas. 

The matrix in which the gravel is 
found and which becomes the binding 
material in gravel roads, of course, 
varies with the source from which the 
gravel comes. Therefore, no hard and 
fast rules can be formulated for the 
construction of gravel roads or for their 
treatment, but each type of gravel 
road presents a problem of its own. 

In our southern states, the rounded, 
water-worn pebble _ predominates, 
hough we have angular flint gravel 
chert and quartzite float, also, all of 
which make first class gravel roads 
when properly handled. 

Many miles of excellent gravel roads 
have been constructed—they have given 
and are giving splendid service, but as 
traffic increases the cost of maintenance 
mounts and after a while becomes so 
great that it is no longer economically 
sound to continue the service as a plain 
gravel highway. However, there is so 
much public money invested in these 
gravel roads that every reasonable 
effort should be made to conserve as 
much of the value as possible. 


Two Ways of Conserving Value of 
Gravel Road.—There are two possible 
ways to do this, first, by surface treat- 
ing the gravel with some form of ma- 
terial that will hold the gravel surface 
firmly in place under traffic; second, 
by using the gravel surface as a base 
for some kind of wearing surface to 
carry the traffic. In either case, it is 
necessary to recondition the gravel sur- 
face so as to give a uniform thickness 
of gravel of sufficient depth to carry 
the loads, that are-to be imposed, with- 
out danger of base failures. As a rule, 
all weak places in the sub-base of 
gravel roads havé been developed and 
cured during the period of its use in 
that stage. 
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In some sections of the country, cal- 
cium chloride has been used quite ex- 
tensively, and I understand successfully, 
for surface treatment, We have not 
tried it in Alabama. We have such 
heavy rainfall, an average of 58 in. per 
annum, and it is so frequently of such 
intensity, from 6 in. to 12 in. in 24 
hours, that we have feared that the 
chloride would be diluted and carried 
away before much results could be had 
in the way of forming a crust to sus- 
tain traffic. 


Bituminous Surface Treatment.—We 
have used a bituminous surface treat- 
ment with excellent results, but have 
found it quite expensive, costing from 
$2,000 to $2,500 per mile for a double 
surface application, 18-ft. gravel sur- 
face. The cost of maintenance of the 
treated surface alone for the first year 
will be about $200 per mile, as pot holes 
will quickly develop, where the gravel 
surface is weak, or a little lacking in 
metal content, and all such pot holes 
must be filled at once to prevent costly 
ravelling. 

In from two to five year periods, ad- 
ditional complete treatments will be 
found necessary, notwithstanding the 
constant repairs that will have to be 
made. The surface that can be had 
and maintained by this method is hardly 
in keeping with the cost involved nor 
as smooth as is justified by the amount 
of traffic which rendered the surfacing 
of the gravel road imperative. 


A single treatment will also give 
good results, but will have to be re- 
peated each year for several years and 
the regular maintenance will be more 
costly than for the double treatment. 
Either asphalt or coal tar may be used 
for the surface treatment. 


Asphalt Wearing Surfaces.—I be- 
lieve, however, that the true solution 
of the problem of conserving our gravel 
roads lies in giving them a wearing 
surface of some of the standard forms 
of asphalt pavements. Permit me to 
say here that what is said in this paper 
is not intended to apply to those sec- 
tions of the country where frost pene- 
trates deeper than 10 in. As I antici- 
pate that in places where the ground 
is frozen deeper than the bottom of the 
gravel, the alternate freezing and thaw- 
ing in the spring might destroy the 
surface. We have no experience, how- 
ever, with this condition in the South. 
With the purpose of determining by 
experiment how best to conserve our 
gravel roads in Alabama, as they be- 
come unable to carry the increased 
traffic, at a reasonable maintenance 
cost, we have installed several types of 
asphalt wearing surface on an old 
gravel road. We are now constructing 
a new gravel base 8 in. thick after full 
compression, and placing thereon a 
modified topeka surface 2 in. thick and 
we are installing a wearing surface of 
Alabama sandrock asphalt 2 in. thick 
on an old gravel base which has been 
reconditioned. Among the types we 
have constructed and now have under 
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observation are Alabama _limerock 
asphalt, hot mix, 2 in. thick; clay gravel 
asphalt, 1% in. thick, hot mix; rawhide 
pavement 4 in. thick; a small section 
of limerock asphalt 1 in. thick, cold 
mix. They have not been in service for 
sufficient time to draw any worth-while 
conclusions, only having been completed 
a little over a year ago. 

The hot mix types show no signs of 
shoving or rolling and so far are wear- 
ing well. There have been a few small 
base failures, due to thinness in places, 
of the old gravel road, which we did 
not recondition for these experiments. 
We are convinced now that the mini- 
mum compact thickness of gravel base 
for a bituminous wearing surface is 8 
in. and if the subsoil is bad, it should 
be proportionately thicker. 

The type of surfacing that seems to 
me to give the best promise of satisfac- 
tory and lasting results as a wearing 
surface on gravel roads, is one I have 
seen being constructed in Georgia un- 
der Mr. Neel, State Highway Engineer 
of that state. It consists of a standard 
penetration macadam without seal coat 
on 8-in. compact gravel base. In lieu 
of the seal coat, a course of standard 
sheet asphalt from % in. to 1 in. thick 
is placed on the penetration macadam. 
This gives an asphalt surface of ap- 
proximately 4 in. in thickness on 1 in. 
of gravel base. This, I think, will prove 
to be a pavement of wonderful service 
capacity. 

Surface Treatment of Sand-Clay.— 
We have not done a great deal of ex- 
perimenting with treatment of sand- 
clay roads. Sand-clay suitable for sur- 
facing highways is such an intimate 
mixture of sand and clay that it is 
practically impervious to penetration by 
any liquid, and without penetration no 
bonding of the surface can be obtained. 
We do not think sand-clay sufficiently 
stable to justify its use as a base course 
for pavement. 

We have tried a very soft bitumen 
or road oil on it, and, as we expected, 
had very poor results, confirming us in 
the opinion that the service value re- 
ceived was in no wise commensurate 
with the cost of the treatment. When 
the traffic becomes too intense for sand- 
clay surfaces, the true solution seems 
to us to be the substitution of some 
form of pavement in its place. 


Dust Laying.—The dust nuisance on 
unpaved road, whether of earth, gravel 
or other forms of temporary surfacing, 
is a very real problem, or becomes so 
as traffic increases on such roads. When 
traffic was comparatively light and 
largely horse-drawn, dust as a problem 
was largely confined to city and town 
streets and it was fairly successfully 
combated by sprinkling with water. 
With the development of motor-driven 
traffic, dust is rapidly becoming a prob- 
lem on all highways, varying, of course, 
with the volume of travel. Earth, 
gravel, and other similar types, have 
been treated with. various dust layers 
or palliatives from time to time, with 
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differing degrees of success, but never, 
I believe, entirely satisfactory and al- 
ways at considerable expense. Of re- 
cent years, the two principal means 
adopted for dust control have been 
treatments with calcium chloride or 
light asphaltic oils. Neither gives ab- 
solute freedom from dust and both add 
very much to the cost of maintenance. 
We estimate that the cost of treatment 
for a summer season will cost about 
$700 for the chloride and about $1,000 
for the oil asphalt, and that there is 
very little value passed on from one 
year to the next by either method. 

The above cost plus ordinary main- 
tenance of about $300 per mile makes 
the cost of maintenance and dust lay- 
ing run from $1,000 to $1,300 per mile, 
which at 5 percent is about equal to 
the carrying charge or interest on the 
cost of a good pavement. 

When we consider the service value 
of a good pavement as contrasted with 
that of an earth road or temporary sur- 
facing, it seems to me that we are 
forced to the conclusion that when 
traffic becomes so heavy on any road 
as to render the dust insufferable or 
the maintenance cost too high, the only 
answer is a pavement. 





New Snow Loading Machine 


Snow removal is so important and 
withal so costly an item of the winter 
work of the municipal street cleaning 
force that a great deal of engineering 
genius has been applied to the devising 
of mechanical devices to lessen the time 
and labor required for hand shoveling. 
Standard snow loading machines have 
been on the market for 2 or 3 years, but 
every season sees improvements and 
the development of new designs. An 
improved model of its snow loading ma- 
chine has been brought out by the 
George Haiss Manufacturing Co., New 
York City. 

This Haiss snow loader is a creeper 
tread mounted machine with a 37-H. P. 
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Waukesha motor and a correspondingly 
heavy set of transmission gears and 
clutches, all housed in one case and run- 
ning in oil. This, and in fact the whole 
chassis, is identical with the construc- 
tion of the Haiss bucket loader. 


The snow elevator is entirely distinct 
and different from previous Haiss ma- 
chines. It is a flight or scraper con- 
veyor with the high flights built as 
heavy as the buckets used for crushed 
stone—-in. steel plate with toothed 
reinforcing edges and side plates which 
also brace the bottom of each flight 
unit. These flights are shaped to pre- 
vent dry snow from rolling back over 
their upper edges. The flights are 
bolted, at each side, to endless chain 
belts which carry them up the elevator 
at a speed of 140 ft. per minute. Each 
flight as it comes in contact with the 
bottom of the snow pile presents its 
toothed edge at the most effective angle 
for cutting effect. 


The Haiss snow loader has the re- 
volving paddles which the manufacturer 
originated as a device for feeding ma- 
terials from the sides toward the cen- 
ter of the machine. In addition the 
snow loader has a clean-up scraper im- 
mediately behind the paddles to push 
any spillage back into the pile which 
is being loaded. 


The recent 7-in. snowfall in New 
York gave an opportunity for an ob- 
servation of the work this machine 
can be expected to do. The local trac- 
tion company had plowed and swept the 
snow from its tracks into windrows 2 
ft. high and 7 or 8 ft. wide. The snow 
was fine and dry—not at all adhesive 
and, therefore, most difficult to handle. 
A fleet of 5-yd. trucks with high sides 
was each gauged to carry 8 yd. per 
trip. 

With 5 trucks available the loader 
put up 100 loads in 9 hours. No truck 
loads were timed to take longer than 
1-1/3 minutes and a number were 
caught in 50 seconds, or at a rate of 
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nearly 10 yd. a minute. The loader was 
idle 2/3 of the time waiting for the 
trucks to dump and return. With 10 
trucks it would have been easy to put 
up 200 8-yd. loads in the 9 hours. 





Power Dipper Trip for 
Shovels 


A power dipper trip has recently © 


been brought out by the Koehring Co., 
Milwaukee, manufacturers of pavers, 
mixers, gasoline shovels, cranes and 
draglines, and has been made optional 
equipment on Koehring heavy duty 
gasoline shovels. It conforms to the 
Koehring principle of finger-tip control 
and is so constructed that one finger 
can move the lever which trips the dip- 
per. The operator is able to trip it 
swiftly and without effort. 


It is a well known fact that one man 
can co-ordinate. the movements of a 


Power Dipper Trip on Shovel 


machine better than two men. The 
operator can trip his dipper at the exact 
instant it reaches the desired place 
without any delay from a second man. 


A slight tension on the line is an- 
other improvement over the old method. 
There is no loose rope down in the pit 
when digging or over the truck when 
unloading. With power operation, only 
a short lever needs to be attached to 
the dipper stick for pulling the pin 
on the dipper. This construction per- 
mits the trip cable to follow a parallel 
line very close to the dipper sticks. 


The power for the trip is obtained by 
building a small drum, with heavy 
brake lining on the outside, on the end 
of the rear drum shaft. A second steel 
drum, polished on the inside and placed 
over the first drum; turns when there 
is sufficient friction between the two. 
The operator merely controls this fric- 
tion with a lever so as to apply power 
to the trip cable which is attached to 
the outside drum. 
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Sight Distance As Safety Factor in Highway Design 


Importance of Providing Long Unobstructed View for Driver Discussed in California Highways 


By FRED J. GRUMM 


Engineer of Surveys and Plans, California State Highway Department 


It has been truly stated that “the 
real problem on our highways is not 
poor design but incompetent and care- 
less driving.” The method that first 
presents itself of dealing with this 
problem is the more vigorous enforce- 
ment of our traffic laws. Enforcement 
of the law will probably always be the 
most effective means even though the 
question, whether the provisions of the 
law are correct or can be improved 
upon, is always open. A substantial 
contribution, however, to the safety of 
the road user, to the protection of the 
careful driver from the careless driver, 
is the provision for long unobstructed 
view or ample sight distance. 

Advantages of Long, Clear Sight Dis- 


pends: the speed of the car, the sur- 
face of the road, the condition of the 
brakes and +the reaction time of the 
driver. 
the influence of road and traffic condi- 
tions, it may be possible to establish 
the relation between stopping distance 
and sight distance if proper values can 
be found for these factors. 

Speed of Car and Stopping Distance. 
—A definite relation can be stated be- 
tween the speed of a car and the stop- 
ping distance under certain given 
conditions. Experiments and investiga- 
tions conducted by automotive engi- 
neers supply reliable data. In applying 
these to average conditions of vehicle 
and road, we are compelled, in the in- 
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Table of Sight Distances for Horizontal and Vertical Curves 


tance.—It is obvious that a long, clear 
sight distance adds to the road user’s 
comfort, since it allows for maintenance 
of a more uniform speed. It adds also 
to his safety, as it provides for ampler 
distance in which to bring his car to 
a stop, when this is necessary. 

One of the conditions to which a 
motor vehicle operator must conform, 
in order to be called a “safe driver,” 
is to operate his vehicle at such a speed 
that it can be stopped within the dis- 
tance that is sure to be free from ob- 
struction. The driver is not responsi- 
ble for road or traffic conditions which 
may affect the unobstructed lane or 
course in which his car will travel. He 
is responsible, however, for being able 
to stop his car, whenever necessary, 
within the unobstructed course. 

There are several factors on which 
the distance required for stopping de- 


terest of safety, to accept for consid- 
eration as a standard, the stopping dis- 
tance required by the most poorly 
braked car. Studies conducted by the 
United States Bureau of Standards in- 
dicate that perhaps the highest stand- 
ard we may expect to enforce is a stop- 
ping: distance of 50 feet from a speed 
of 20 miles per hour. 

In Table I are shown the rate of 
speed in miles per hour and in feet per 
second, the stopping distances for two- 
wheel and four-wheel brakes published 
by the Thermoid Rubber Company, the 
stopping distances from an actual test 
of. a two-wheel brake car, and those 
derived from studies of the United 
States Bureau of Standards. The stop- 
ping distances are from the time the 
brakes are applied until the car 
comes to a full stop. The prescribed 
conditions are a dry, level road, and a 
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Disregarding for the moment - 


uniform deceleration from a known to 
a zero velocity. 


TABLE I. 


53.6 

14.4 

135.5 

154 178.0 


*From Thermoid Rubber Company Chart. 
**With brakes in proper adjustment. 


The corresponding values in columns 
8 and 5 of Table I show a fairly close 
agreement except for the higher speeds. 
The stopping distances for cars with 
two-wheel brakes, shown, in the last 
column, are based on a coefficient of 
friction between tire and road of 0.6 
and a ratio of 0.25 for the height of 
center of gravity to length of wheel- 
base of the car, from which factors a 
deceleration of about 9 feet per second 
per second results. 

With the alteration of the given con- 
ditions, such as a wet road, a downhill 
grade or inadequate brakes, the values 
in the table are immediately increased. 
The friction coefficient on a wet road 
may drop to 0.1 or 0.2, causing a 
nearly proportionate decrease in the de- 
celeration, which may have a value as 
low as 2 ft. per second per second. This 
means that either the stopping distance 
is increased from 3 to 4 times or that 
the initial speed must be decreased 
one-half or more in order to stop 
within the same distance. 

For instance, at a dangerous inter- 
section, the sight distance and unob- 
structed course ahead is 65 ft. In this 
distance, the driver must be prepared to 
see an approaching car, decide to stop, 
apply his brakes and bring his car to 
a full stop. With good brakes and no 
loss of time on his part, he could accom- 
plish this if he were driving on a dry 
road at a speed not in excess of 20 
miles per hour. If the road is wet and 
slippery, however, he probably can not 
make the stop from a speed greater 
than 10 miles per hour. Evidently, 
then, the stopping distance with relation 
to the unobstructed course, which in- 
volves the sight distance, is the more 
important factor of safety and deter- 
mines the safe speed at which a car 
should be driven. 

In the above cited example, the other 
factor affecting the stopping distance is 
given consideration, namely the per- 
sonal equation, or the reaction time of 
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Sight Distances on 


the driver. Some interesting experi- 
ments in this connection were conducted 
in Washington, D. C., by Messrs. F. A. 
Moss, staff psychologist, Bureau of Pub- 
lic Personal Administration, and H. H. 
Allen, assistant mechanical engineer, 
Bureau of Standards. It was found 
that the average reaction time of the 
persons tested was approximately one- 
half second, that the reaction time was 
not appreciably affected by the speed 
at which the person was driving, and 
that reaction time may be reduced by 
training. 

If to the stopping distance shown in 
the tabulation is added the proportion- 
ate distance in feet per second required 
by the reaction time, a fairly definite 
value is obtained of the total distance 
necessary to safely stop a car from a 
given rate of speed. 


Relation of Stopping Distance to 
Sight Distance.—The relation of the 
stopping distance to the unobstructed 
course is clearly similar to that of stop- 
ping distance to sight distance, since 
the unobstructed course is determined 
by the sight distance. This may be 
shown by the case of the horizontal 
curve. On a curve, the view may be 
obstructed by embankments, buildings, 
trees or bushes. The driver, say on a 
curve to the right, can see his right- 
hand side of the road for a definite dis- 
tance. If in this distance, he sees no 
obstructions, such as vehicles, pedes- 
trians or animals, he has an _ unob- 
structed course equal to his sight dis- 
tance, but no more. The sight distance, 
then, determines the safe stopping 
distance, which in turn determines the 
safe speed at which the driver may 
proceed. 


It is assumed that each vehicle is 
proceeding in its own lane or course. 
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Horizontal Curves 


Law and custom have well established 
this practice as one of the commonest 
rules of the road. Even the careless, 
senseless driver must experience some 
pangs of conscience when he causes con- 
fusion or narrowly escapes accident by 
the violation of this accepted principle, 
and here, especially, the safety afforded 
by long sight distance is obvious. When 
the lane of travel becomes a common 
one, as in the case of a single track 
road, it is clear that the unobstructed 
course is only one-half of the distance 
which the driver can see, as each driver 
of two vehicles approaching each other 
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at equal rates of speed must «top within 
one-half the distance separating them 
when they first sight each other. 


In the case of the other type of curve, 
that is, the vertical curve over the top 
of a hill, the situation is similar to the 
horizontal curve, but it seems that the 
average driver is not so strongly im- 
pressed with this similarity and has 
not yet acquired the full appreciation 
of the relative hazard to traffic which 
the vertical curve presents. It seems 
advisable, in this case, to provide even 
a larger safety factor by increasing the 
sight distance generously beyond what 
is theoretically required. 


Engineer Designs Illustrating Graphs. 
—The accompanying tables and graphs, 
designed and prepared by B. W. Booker, 
office engineer of Division I, shows, for 
various widths of roadway, the length 
of radius on horizontal curves and 
length of parabolic vertical curves nec- 
essary to obtain a given sight distance. 
The line of sight is at a height of 5 ft. 
For horizontal curves, the sight dis- 
tance is measured between points on 
the inside lane and is consequently the 
shortest distance. The driver is con- 
cerned principally in seeing the lane in 
which he expects to travel; if this is 
clear, he may proceed safely. 


A concrete example applying the data 
and tables may be of interest. From 
the sight distance table, assuming a 
24-ft. standard roadbed, 20-ft. width of 
pavement, 1 to 1 cut slopes, we find that 
a curve with radius of 500 ft. will pro- 
vide a sight distance of about 250 ft. 
An unobstructed course of this length, 
with the ideal condition of a dry, level 
road and allowing a margin of only 
one second in addition to the required 
reaction time, would permit of a speed 
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Sight Distances on Vertical Curves 
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of 35 miles Wer hour in rounding this 
curve: * 


I. discussions of this subject, it is not 
uncommon to have cited an example of 
two cars approaching each other: at an 
equal rate of speed; the conclusion is 
then made that the sight distance nec- 
essary to provide for safety is the sum 
of the required stopping distance for 
beth machines. This, obviously, is true 
anly where the two cars are traveling 
in the same lane. Its application to a 
roadway of two lanes or wider, and pro- 
viding the sight distance necessary for 
higher speeds, would soon carry us be- 
yond all bounds of economy in our 
construction. 


It is interesting to note the compari- 
son of sight distances on horizontal and 
vertical curves. For instance, where 
minimum radii of 200 and 300 ft. are 
used on heavy work, a 150-ft. vertical 
curve gives considerably more sight dis- 
tance, even with a 12 per cent grade 
change. A combination of horizontal 
and vertical curve will slightly reduce 
the sight distance shown in the tables. 
The amount of this reduction is indi- 
cated by the following: A 300-ft. ra- 
dius curve, in combination with a grade 
change of over 10 per cent, reduces the 
sight distance 15 ft. from that shown 
on the horizontal curve diagram. 


The setting forth of these values of 
stopping distance does not mean that 
the principle of adopting minimum 
sight distance to meet the requirements 
is advocated; it is the hope, rather, 
that with more definite and ample in- 
formation, realizing the tendency to in- 
crease driving speeds, a better under- 
standing of the requirements of com- 
fort and safety may be had and that 
we may more intelligently provide for 
these in future design. 


By the introduction of superelevation, 
we overcome the riding discomfort pro- 
duced by the short radius curve; we add 
materially to both comfort and safety 
by building our highways wide; but the 
average driver has greater peace of 
mind and a greater feeling of security 
when the road lies open and unob- 
structed before him; when he can see 
clearly the way ahead. 


New Road Grader 


A new road grader containing many 
unique features has been put on the 
market by the Ryan Mfg. Corp., 310 
South Michigan Ave., Chicago. Among: 
the new and exclusive features claimed 
for this machine are the following: 
Motor Control, Leanable Frame, Ex- 
treme Lateral Blade Shift on Frame, 
Full Cirele Lift Arms and Double Re- 
versible Mold Board. 





The motor control is stated to make 
it unnecessary for the operator to ex- 
ert great muscular strength and tiring 
efforts in the adjustments of various 
blade and working positions. A slight 
pull on a lever operates steel cut gears 
running in an oil bath which by means 
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of gasoline engine power gives him any 
desired working position. 


The adjustable frame which swings 
left and right through an: arc of more 
than 70 degrees is stated to enable the 
machine to assume positions that ap- 
pear to be impossible as well as to hold 
these positions firmly while in opera- 
tion. For example, with two wheels in 
the ditch, it is claimed, the grader can- 
not only right its wheels but adjust its 
leanable frame to an upright position 
giving the machine the power to trans- 
fer the weight from the downhill wheels 
where it is not needed to the wheels 
in the road where it is needed. It can 
shift approximately one ton of weight 
through this procedure. This keeps its 
14 ft. x 22 ft. blade firmly in whatever 
cutting position has been selected. One 
of the outstanding uses of this ability 
to lean the frame is the fact that it 
provides an extremely quick blade lift 
for use in avoiding stumps, posts, cul- 
verts or any other obstructions. The 
frame promptly lifts the mold board 
over these obstructions without dis- 
turbing its set and re- 
turns it to its previous 
position. 


A few of the salient 
accomplishments claimed 
for this machine are: It 
can work 8 ft. outside of 
either the right or left 
wheels and can be posi- 
tioned so as to carry the 
cut material either back 
to the machine or away 
from the machine where 
it will be disposed of off 
the end of the blade. It 
can plow either under 
itself in the ordinary 
way or outside the line 
of its wheels throwing the dirt either 
way. Through its capabilities of being 
used in territory where it is impossible 
to run a grader on the strip of land to 
be worked, it can be employed not only 
for ordinary grading purpases but also 
for special work such as trench filling, 
embankment building or mountain work 
where the wheels must be kept away 
from the declivity, and for snow re- 
moval. The 14 ft. machine can also 
reach outward 4 ft. or more below its 
wheel base. It is particularly adapt- 
able to drainage work where many 
ditches of varying width and depth are 
required. 


One of its most remarkable functions 
claimed for the machine is its use in 
bank cutting work. For example, it 
can cut down a 12 ft. bank or the blade 
can be set at any angle or height for 
cutting lower banks or lower back slop- 
ing. This is all accomplished with its 
own blade and without the use of any 
attachments. In this work it can also 
move the material either up or down 
the slope as desired. 


The double reversible mold board in- 
troduces new features. In travelling 
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around the circle the mold board will 
automatically lock at any given point 
where the operator chooses to stop it. 
In stopping at such a selected position 
if the conclave blade surface is facing 
the wrong way, the mold board may be 
turned on its longitudinal axis so as to 
face the work. It can also be turned 
end for end. These reversing features 
give the machine four plowing points 
and two cutting edges on the one mold 
board. This is of inestimable value to 
those who know the value of sharp 
blades and the time consumed in chang- 
ing blades. In line with this the Ryan 
Mfg. Corp. is offering a light blade 
grinding attachment which operates 
from the grader motor and makes it 
possible to provide and maintain sharp 
cutting edges at all times. 


This grading machine is stated to 
work with equal efficiency from either 
its left or its right side, making it un- 
necessary on one way jobs to pull it 
idle in one direction. This new type 
grading machine is offered in four blade 





Ryan Grading Machine Cutting Material Outside 
Wheel Line and 4 Ft. Below Wheel Base 


sizes, running through 8, 10, 12 and 14 
foot lengths. 


This new road grader will be on ex- 
hibition during the Chicago Road Show, 
Jan. 10: to 14. The largest size road 
grader with a 14 foot blade will be on 
exhibition in the building at 1411 S. 
Michigan Ave., one block from the Col- 
iseum while a model of the machine to- 
gether with motion pictures showing 
the machine under working conditions 
will be exhibited in Space No. 73, Bal- 
cony of the New Coliseum during the 
five days of the show. 


William Ord Dead 


Mr. William Ord, for many years as- 
sociated with the designing and manu- 
facture of road building and con- 
tractors’ machinery, died suddenly at 
Los Angeles, Cal., on Sunday, Dec. 12. 
Mr. Ord was widely known in civil en- 
gineering and road building circles and 
was the inventor of the Ord concrete 
road finisher. Since 1922 and at the 
time of his death, Mr. Ord was sales 
manager of A. W. French & Co., Chi- 
cago, manufacturers of the Ord finisher 
and other contractors’ machinery. 



















Correlation af Stability Test With Behavior of 
Pavement Under Traffic 


Examples of Stability Values Shown by Asphalt Pavements Which Have Been Under Traffic for Vari- 


The stability test devised by the 
authors and used in their study of sheet 
asphalt paving mixtures has been so 
fully described in previous papers that 
it is felt that any detailed description 
at this meeting would be a needless 
repetition. However, for the informa- 
tion of those of you who may not have 
read those papers it may be stated that 
the test consists in heating a 2 in. cyl- 
indrical test specimen of the com- 
presséd paving mixture to 140° F., 
placing it in a testing mold and meas- 
uring the maximum load required to 
force the mixture through a circular 
orifice of given diameter. Such load is 
recorded as the stability value of the 
mixture. 

Rather comprehensive investigations 
over a period of two or more years 
have demonstrated that as applied to 
mixtures prepared in the laboratory 
this test measures their initial internal 
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Pavement 





resistance to displacement and that it 
serves as a yard stick with which to 
evaluate many faetors influencing sta- 
bility such as variations in character 
and proportion of the various constitu- 
ents and degree of compression of the 
mixture. 

In a paper presented at the 1925 
Conference on Asphalt Paving the 
authors showed that test values ob- 
tained on various laboratory mixtures 
were of the same order of magnitude as 
those shown by core specimens of the 
same mixtures taken with the Howe 
sampling device from newly constructed 
pavements, thus indicating the possi- 
bility of directly correlating the test 
with service results. At that time they 
stated their intention of expanding 
their investigation to cover the exam- 
ination of samples of pavements which 
had resisted displacement and also 
those which had showed under as ac- 
curately known conditions as could be 
found, with the idea of eventually de- 





ous Periods Given in Paper Presented Nov. 9 at 5th Annual Asphalt Paving Conference 


By PREVOST HUBBARD and F. C. FIELD 
Chemical Engineer and Chemist, Respectively, The Asphalt Association 


termining stability value ranges neces- 
sary to prevent displacement under 
given climatic and traffic conditions. 


During the past year some progress 
has been made along this line and a 
number of pavements in New York City 
have been studied. The entire subject 
is so comprehensive and influenced by 
so many variable factors however, that 
much more work and time will be re- 
quired to secure all of the data needed 
for application to general paving prac- 
tice. The following should therefore be 
considered merely as a progress report 
illustrating by a few specific examples 
the actual stability values shown by 
pavements which have been under traf- 
fic for various periods and some of the 
factors which must be taken into ac- 
count in any systematic study. 

Factors Affecting Stability —First of 


all without reference to the exact com- 
position of paving mixture it will be 
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Fig. 2—Stability Tests, Upper 5th Ave. Com- 
posite Section, Four Contracts 


desirable to form a mental picture of 
the many factors which may influence 
the behavior of a pavement under serv- 
ice conditions. These may be roughly 
classified under four broad headings: 
(1) climatic, (2) traffic, (3) structural 
and (4) local. Aside from climatic, 
some of the more important of these 
factors are shown in Fig. 1 to illus- 
trate how, even in a single short sec- 
tion of pavement, the same paving 
mixture in the same traffic lane may 
produce a surface running from excel- 
lent contour to bad displacement, unless 
the pavement as a whole was free from 
structural defects and the wearing 
course mixture possessed sufficiently 
high stability to resist the worst local 
condition which existed. 

It is at once evident that for a given 
climate and traffic either the entire 
paving mixture should be designed to 
withstand the most severe existing lo- 
cal conditions or else that where un- 
usually severe local conditions are 
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known to occur the stability value of 
the mixture should be increased over 
that adopted for the remainder of the 
pavement. 


Of course displacements of the wear- 
ing course due to structural defects, 
particularly in the foundation, or to 
unusual local conditions such as gas 
leaks, excessive oil drippings, etc., can- 
not be foreseen or prevented. In se- 
lecting pavement samples for stability 
tests it is therefore necessary to care- 
fully ascertain the local conditions 
which may have been responsible for 
the service behavior of the area repre- 
sented by the sample or very mislead- 
ing conclusions may be drawn. 


Bebore considering the stability 


study of certain individual pavement 
another phase of the subject should be 
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Fig. 3—Stability Tests, Upper Broadway. Com- 
posite Section, Two Contracts 








fully understood as haying a decided 
bearing upon conclusions. This has to 
do with the possible effect of displace- 
ment upon the actual stability of the 
mixture in displaced areas. 

Under ordinary conditions it is prob- 
ably true that few paving mixtures re- 
ceive their maximum possible compres- 
sion during construction and that in a 
great many cases traffic produces con- 
siderable increased compaction. If traf- 
fic conditions are more severe at cer- 
tain spots than at others it is evident 
that the increased compaction may not 
be uniform over the entire area. Previ- 
ous investigations have strongly indi- 
cated that up to the point of maximum 
possible compression the stability of a 
given mixture is almost directly pro- 
portional to its degree of compaction. 
Now assuming that during construction 
of a given pavement rolling has re- 
sulted in a uniform degree of compres- 
sion considerably less than maximum 
possible compression but still sufficient 
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to produce a degree of stability which 
resists displacement under the ordinary 
traffic conditions prevailing for that 
particular pavement. Assuming fur- 
ther that at a given spot a rut or wave 
has formed owing to unusual traffic 
concentration or impact; at such spot 
the paving mixture during progressive 
displacement might in a short time be- 
come more thoroughly compacted than 
at points where the traffic was less se- 
vere thus acquiring a higher stability 
value than the good areas which had 
not become displaced. The study so far 
made of pavements under service con- 
ditions strongly indicates that such 
cases actually occur and must be taken 
into account. 

Uneven contour in a newly con- 
structed pavement is also likely to be 
a disturbing factor which may produce 
apparently misleading or contradictory 
test results on samples of old pave- 
ment. Thus a relatively small wave or 
depression formed during construction 
may produce sufficient traffic impact to 
result in considerable local displace- 
ment although adjacent smooth areas 
of the same degree of stability show 
no displacement under what a few 
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Fig. 4—Stability Tests, East 30th St. 


months or years later appear to be 
identical traffic conditions. 

It is believed that enough has now 
been said to illustrate the fact that in- 
terpretation of test results on old 
pavements is a matter requiring con- 
siderable judgment and that individual 
tests should not be used as a basis 
for drawing conclusion. It is only by 
testing a considerable number of sam- 
ples of the old pavement at points 
where local conditions may be care- 
fully analyzed that proper deductions 
may be drawn. 

With the. helpful co-operation of Dr. 
Felix Kleeberg, Chief Chemist, Bureau 
of Highways of Manhattan, a number 
of pavements in that borough have been 
subjected to a stability survey and the 
following examples will serve to illus- 
trate the progress so ‘far made. 

Studies on Upper 5th Ave. New 
York City.—The Traffic on upper 5th 
Ave. is similar in character to but 
less in volume than on that portion 
in the shopping district. A _ section 
from 68th to 110th St. was selected for 
study because it. presented a number of 
interesting problems and could be sam- 
pled with less difficulty than sections 
further downtown. Four individual con- 
struction contracts are included in this 
area varying in age from 4 to 13 years. 
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On the West side bounded by Central 
Park, standing vehicles are for the most 
part eliminated and for this reason the 
heavy buses tend to track close to the 
curb. But little tendency to tracking 
occurs on the East side where limited 
light parking is permitted. The buses 
stop on the far side of each even num- 
bered intersecting street to discharge 
and take on passengers. The pavement 
is approximately 40 ft. wide and the 
middle 20 ft. receives considerable two- 
way traffic. 


Over certain areas considerable 
trouble has developed from the track- 
ing bus traffic which has produced deep 
ruts, while on-adjacent areas subjected 
to apparently the same traffic condi- 
tions, little or no rutting has occurred. 
Over irregular localized areas waviness 
has developed. In other areas distinct 
shoves have been produced. Of course 
as defects have occurred they have 
been cut out and replaced so that in 
general the pavement is kept in very 
good condition. Numerous core sam- 
ples were taken from this section dur- 
ing 1925 and 1926 in order to determine 
whether or not the stability test bore 
a direct relation to the behavior of the 
pavement. Both good and bad areas 
were sampled and tested. 


The average stability values obtained 
for typical conditions are shown by a 
composite section in Fig. 2. This com- 
posite section has been produced merely 
for the purpose of bringing together 
certain typical conditions and the rela- 
tive areas representing the different 
surface conditions do not at all indicate 
the conditions of the pavement as a 
whole which would undoubtedly be 
rated as at least 90 per cent excellent. 
What this figure does illustrate how- 
ever may be stated as follows: 


In general no displacement of the 
pavement occurred where the stability 
value was 2,000 or more, even at bus 
stops or under tracking bus traffic. 
Where the stability value fell as low 
as 1,700 waviness had developed in 
some cases both in center and side 
areas. Where the stability value was 
as low at 1,200 occasional shoves were 
produced in wavy areas and at a sta- 
bility of 1,000 or less deep rutting was 
found to occur under tracking bus traf- 
fic particularly at bus stops and im- 
mediately adjacent thereto. 


Studies on Upper Broadway, New 
York City—Upper Broadway, between 
137th and 145th Sts., a section selected 
for study, consists of two one-way 
streets each 45 ft. in width separated 
by a center walk. With one exception 
the intersecting streets are relatively 
unimportant from a traffic standpoint 
so that the movement of vehicles is 
rapid. Individual intermittent but in 
the aggregate practically continuous 
parking of heavy trucks and other ve- 
hicles occurs during business hours 
along the sidewalks which are lined 
with shops and stores. This allows 
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room on each side for the development 
of two traffic lanes, the one adjacent to 
the center walk being used principally 
by passenger automobiles, and the in- 
ner one by fast moving trucks and 
buses. No traffic counts comparable 
with upper 5th Ave. are available but 
it is believed that the total volume 
carried by both streets is approximately 
the same although the traffic density on 
5th Ave. is probably greater owing to 
its lesser width. 


Two construction contracts are in- 
cluded in this section, the East side be- 
ing 13 years old and the West side 9 
years old. On each side the parking 
area has become considerably displaced 
while the lane adjacent to the center 
walk is in almost perfect condition and 
the inner lane almost as good. In both 
lanes, however, a few wavy and shoved 
areas have developed. 


Figure 3 shows a composite section 
of this street with stability values rep- 
resenting certain typical conditions 
subject to the same method of interpre- 
tation as described under Fig. 2. Par- 
ticular attention is directed to a rather 
badly shoved area with an average 
stability value of 1,800, which is higher 
than that of any of the good areas. 


RESOENCES 
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Fig. 5—Stability Tests, Upper 5th Ave. Pave- 
ment Completed — oo Tested Prior to 
raffic 


Here, however, it is seen that owing 
to the location of a taxi stand adjacent 
to the center walk the inner lane has 
been forced to carry for a short dis- 
tance the traffic of both lanes. More- 
over, at this point heavy braking occurs 
because of the intersection of an im- 
portant crosstown street. It is evident 
that although for ordinary conditions 
a stability of considerably less has 
proved generally satisfactory 1,800 is 
not sufficiently high for the double duty 
coupled with braking. Nor is it high 
enough to prevent displacement in the 
parking area. 

Studies on East 30th St.—The traffic 
on East 30th St. is typical of that on 
quite a number of one-way crosstown 
streets in the uptown business district. 
It would be classed as heavy mixed 
passenger and truck traffic in many 
cities although for Manhattan it might 
be considered as medium. A single 
block between 2nd and 8rd Aves., illus- 
trated in Fig. 4, was selected for study 
because while most of the area showed 
an almost perfect contour, pronounced 
shoving had developed for about 100 
ft. at one end where brakes are almost 
invariably and suddenly applied before 
crossing or entering 2nd Ave. 

It was found that the stability value 
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of this pavement was unusually uniform 
and considerably higher than that for 
either upper 5th Ave. or Upper Broad- 
way. It is evident, however, that even 
3,000 is not sufficiently high for the 
unusually severe condition that existed 
near the intersection of 2nd Ave. 

The fact that no cracks have devel- 
oped over a period of three years at this 
stability value is, however, encouraging 
as indicating the possibility of safely 
working for a higher range to meet 
severe conditions of traffic. 

Variations in Stability During Con- 
struction.—Other examples might be 
cited in this progress report but it is 
believed that those already discussed 
are sufficient to indicate that the sta- 
bility test properly used and interpreted 
may be of considerable value as a 
means of analyzing the past perform- 
ance of existing pavements and the 
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Motor Driven Asphalt Plant 


Several new features have been 
added to the asphalt plant manufac- 
tured by The Merriman Asphalt Plant, 
Inc., Lima, O. These include a mixer 
that is dumped by means of a steam 
cylinder; a drum of special construc- 
tion, and above all a plant that is 
equipped with electric motors, power 
being supplied by a turbo-generator. If 
desired, steam engines can be installed 
instead of motors. The accompanying 
illustration shows the main feature of 
the plant, which is stated to have a ca- 
pacity of 2,250 sq. yd. of 2 in. top per 
10-hour day. The plant weighs 175,000 
Ibs. Its length in operation is 85 ft., 
and its length in transit is 68 ft. The 
height in operation is 26 ft. and the 
height in transit is 14 ft. 9 in. The 
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vehicles came into general use and the 
rural public began to call for improved 
roads. : 

It soon came to be realized that im- 
proved roads did not yield anything like 
the maximum possible return on the in- 
vestments made in them unless they 
were open to traffic during the entire 
year. It was also felt that costly motor 
vehicles, without roads to carry them, 
tied up much capital unprofitably. The 
36 snow states in 1925 had 375,774 
miles of surfaced rural roads, and 16,- 
139,859 registered motor vehicles. From 
1921 to 1925, inclusive, they expended 
about three and one quarter billion dol- 
lars on highway improvement and 
maintenance. It has also been esti- 
mated that their registered motor ve- 
hicles in 1925 involved a purchase cost 
of approximately fourteen and one-half 
billion dollars. It is obviously uneco- 
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probable future behavior of new pave- 
ments under various traffic conditions. 
Much might be said relative to the most 
suitable means of securing the desired 
degree of stability for conditions al- 
ready discussed but that is another 
story. 

In conclusion, however, it is desired 
to direct attention to variations which 
may occur in the stability of different 
areas of a newly finished pavement un- 
der ordinary construction methods and 
in this connection a recently recon- 
structed section of 5th Ave. shown in 
Fig. 5 is taken for the purpose of il- 
lustration. No special criticism of this 
section is intended as it is believed that 
the variations shown are typical of 
many sheet asphalt jobs. The behavior 
of this section of pavement under traf- 
fic will be studied and additional sta- 
bility tests will be made from time to 
time. In the meantime it is believed 
that too much emphasis cannot be laid 
on the extreme desirability of securing 
uniform stability during construction 
and in approaching maximum practical 
density as closely as possible. 


The New Merriman Asphalt Plant 


width in operation is 30 ft. 11 in., and 
in transit it is 9 ft. 11 in. 





Economic Importance of 
Snow Removal 


Highway officials in 36 “snow states” 
report a program of open roads for the 
snow season of 1926-27 aggregating 
92,756 miles. In the winter of 1925-26 
the road mileage cleared of snow in 
these states was about the same, com- 
pared with 62,165 miles in the winter of 
1924-25. Their expenses for snow re- 
moval work last winter were in the 
neighborhood of $4,000,000. 

Formerly the movement of farm 
products to the cities was discontinued 
during the winter months and necessary 
commodities “were procured for con- 
sumption by country people in the fall. 
Country store keepers, especially those 
doing business at a distance from rail- 
road stations, had to stock up before 
the first snow storm, and were saddled 
with a heavy investment for holding 
merchandise until required by consum- 
ers. This condition lasted until motor 





nomic to have the transportation facili- 
ties represented by this investment in 
road improvement and motor vehicles 
put out of use annually for several 
months by snow. In the heavy snow- 
fall area, where snow removal is not 
done, the advantages of paved roads 
and motor vehicles may be interrupted 
for three or four months each winter. 
Progressive rural populations with a 
large investment in good roads and 
motor vehicles are becoming less and 
less inclined to tolerate this condition. 
The communities that have gone in 
for snow removal apparently consider 
it well worth the cost. Formerly dwell- 
ers along numerous roads were snowed 
in until the spring thaw. Their paved 
highways were blocked and made value- 
less for wheel traffic. Their motor ve- 
hicles had to be stored for the winter, 
and wheel traffic stopped until April or 
May. This handicap to business and to 
social life is believed to be a heavier 
cost than that represented by the ex- 
pense of snow removal. With better 
roads maintained during the snow sea- 


son protection from fire is afforded © 


throughout the year. 
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Mixed Macadam 


Pavement 


Method of Construction in Ontario 
Described in Paper Presented 
Nov. 10 Before 5th Asphalt 


Paving Conference 


By R. M. SMITH 
Chief Engineer, Department of Public Highways, 
Province of Ontario, Canada 


The name “Mixed Macadam” is given 
to the type of pavement about to be 
described possibly for no other reason 
than the fact that there is a slight 
resemblance to ordinary macadam and 
secondly because no better name seemed 
to present itself. 

Road Development in Ontario. — 
Mixed macadam is the result of the 
insistent demand by the motoring 
public for a high type road which can 
be constructed rapidly and cheaply and 
at the same time carry traffic while 
being constructed. It possibly would 
not be amiss here to explain as briefly 
as possible the road development in the 
Province of Ontario. 

Active construction started about the 
year 1919. Many miles of road in the 
province previous to this had received 
a light treatment of gravel and al- 
though the roads were generally pass- 
able no attempt had been made to 
widen the grades, improve the align- 
ment or cut down the hills. 

Since 1919 practically the entire 
system of provincial highways has been 
graded, many miles regravelled; the 
big percentage, however, being paved. 
Every mile built or paved has meant 
increased traffic, particularly tourist 
traffic. Every effort is made by the 
Province of Ontario to foster this class 
of traffic. 

During the year 1925, 1,290,000 cars 
from the United States crossed the 
Canadian border via Ontario ports of 
entry. This year the indications are 
that the traffic is at least 20 per eent 
heavier, and next year when the main 
highway from Detroit in the west to 
Montreal in the east has been com- 
pleted a much greater increase in 
traffic is expected. 

The provincial standard calls for a 
road graded from shoulder to shoulder, 
30 ft. in. width, the paved area 20 ft. in 
width. At one time the government 
considered the construction of pave- 
ment one-half at a time carrying traffic 
on the other half. The extra cost run- 
ning frequently as high as $10,000 per 
mile, however, soon dissuaded govern- 
ment officials from continuing this 
practice. The next difficulty was the 
finding and maintaining of suitable 
detours and finally we encountered the 
areas where detouring was next to 
impossible. , 

The department maintains at the 
University of Toronto, a fully equipped 
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highway laboratory. This laboratory 
is under the direction and guidance of 
an engineer who is constantly in touch 
with the district engineers throughout 
the province. The exchange of ideas, 
both as to theory and actual practice 
has resulted in marked improvement in 
our highway work. 

This year the engineers on provincial 
work were asked to design a type of 
pavement that would meet all the re- 
quirements of a high class pavement 
and at the same time carry the traffic 
with little or no interference. Engi- 
neers, I may say, are given every 
encouragement along the line of ex- 
perimental work, the government being 
ready at all times, to investigate and 
develop any idea which is at all 
practical. 

Bituminous Penetration Surface.— 
The development of mixed macadam 
followed as a result of our study of 
the construction of bituminous pene- 
tration surface. Bituminous penetra- 
tion surface is, and has been accepted 
as a superior type of pavement capable 
of carrying very heavy traffic with 
light maintenance for many years. 

It is built in Ontario 3 in. in thick- 
ness on concrete or macadam base. 
The greater part of the stone used in 
the construction of this pavement is of 
a size that will be retained on a 1% 
in. ring but will pass 3 in. ring opening. 
This stone after light rolling is treated 
with bitumen, chinked with % in. stone 
and rolled until thoroughly consoli- 
dated, the surface later covered with 
5 in. chips. Two gallons of bitumen 
per square yard are used in the con- 
struction of this type of road. 

Experience has proven that the voids 
in stone in the surface are not en- 
tirely filled. A little mental calcula- 
tion will also indicate that the bitumen 
will run at least 6 per cent by weight, 
with a possibility that considerable 
stone is not covered. The department 
has taken the stand that the success of 
bituminous penetration must be ac- 
cepted. Granted that it is a success, 
why not improve on the type, by hav- 
ing in the first place all materials 
thoroughly dry, the stone used prop- 
erly and evenly coated with bitumen? 
Why not fill the voids as far as pos- 
sible, why not take the entire quarry 
output, screenings included, thereby 
lessening the cost? 

Experimental Section.—This year we 
are building as an experiment, 20 
miles of mixed macadam pavement, 13 
miles of this length from local quar- 
ries and 7 miies from local gravel pits. 
In each case the pavement is being 
built, on what is eccepted in Ontario, 
as a fair gravel road. The pavement 
is at present being laid in two courses, 
3 in. each. The department had in 
mind originally to lay the pavement in 
two courses, each course to be 2% in. 
thick, the first section laid however, 
had the appearance of ravelling, and 
secondly, it was felt that the finished 
pavement, 5 in. in thickness, did not 
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contain sufficient body to carry heavy 
traffic. 

The method of construction is simple 
and definite. The selection of the 
quarry or pit is particularly important, 
it goes without saying that only the 
best of local material should be con- 
sidered, the quarry materials given 
preference. Crushed rock with its 
angular shapes gives key and bond that 
can hardly be obtained with gravel. 
If possible to obtain a quarry near a 
railway siding, a further advantage is 
gained in that asphaltic materials can 
be shipped in tank cars rather than 
drums, thereby saving several dollars 
per, ton, and many dollars per mile of 
road. 

The stone after leaving the quarry 
face is passed through the crusher, the 
oversize being recrushed if necessary, 
until all stone will meet: the specifica- 
tion. The material is then conveyed by 
elevator buckets and belt conveyor to 
the drier, the flow of material being 
continuous, the object of this is to keep 
the stone mix consistent. 

The stock-piling of stone demon- 
strated the fact that the large pieces 
would roll to the outer edge of the 
pile, while the smaller sizes would 
work down into the center of the pile. 

The stone after reaching the revolv- 
ing drier is heated to 300° F., and 
thoroughly dried before reaching the 
hopper, it is then ready for mixing with 
the asphalt which has been preheated 
in suitable melting kettles to a tem- 
perature equal to that of the stone. 
The materials both stone and asphalt 
are then properly proportioned by 
weighing and thoroughly mixed in a 
twin pug or batch mixer for a period 
of 45 seconds after which the mixture 
is conveyed to the roadway. It might 
be of interest to note here that the 
asphalt used requires to have a pene- 
tration at 77° F. 100 grams 5 sec. be- 
tween 75 and 85. 

Methods of Construction.—The sub- 
grade is prepared by scarifying, re- 
shaping and rolling until thoroughly 
consolidated. On some of the work 
this year we have then placed 3 in. 
plank along the edge of road with the 
thought that; first, it would give the 
finished pavement a better appearance, 
and secondly it would be a guide to 
rake men to determine thickness of 
courses. 

Some of our district engineers 
object to this method, taking the 
stand that a sharp edge is left at side 
of the pavement which must be pro- 
tected by placing loose stone, they 
recommend as an alternative that the 
first course be laid 21 ft. wide, the edge 
feathered off with the roller, the 
top course to be 20 ft. with the edge 
treated the same way, either method 
we believe, will give satisfaction. 

The specification further provides 
that materials upon reaching the road 
must all be placed on boiler plates and 
then shoveled by hand into position, 
mechanical spreaders, however, are also 




























56 





permitted. This year some of the con- 
tractors. used what is known as the 
Burch or Galion spreader with good 
success. When the mechanical spreader 
is being used they are operated in 
pairs one slightly ahead of the other, 
this permits of traffic passing the 
spreader without hold up. 

Each course as it is spread is 
thoroughly rolled with a 10 or 12-ton 
roller until absolutely consolidated. The 
top course receives however, just before 
final consolidation a coat of % in. 
chips, approximately 50 tons to the 
mile, but in any case, sufficient to fill 
all voids that appear in the surface. 
These chips are applied while the sur- 
face is still warm and are thoroughly 
rolled in during final consolidation. 
The road is then allowed to carry traffic 
for a period of from one to two weeks 
after which a surface treatment of 60 
per cent asphalt road oil, % gal. to the 
square yard is applied. 

When first considering the construc- 
tion of this type of pavement we had 
in mind the application of a squeegee 
coat immediately following the placing 
of the top course, the intention being 
to use the same asphalt as used in 
building the pavement. The quantity 
of asphalt used, the slowness of appli- 
cation, and finally the non-uniformity 
of the surface appearance decided us 
to try the distributor method. We are 
still following this method with the 
exception that on one section we pro- 
pose to try 80 per cent asphalt road 
oil. In any case, immediately follow- 
ing the surface treatment a second 
application of stone chips or pea gravel 
is applied, amounting to approximately 
70 tons to the mile, the road is then 
completed. 

Outstanding Points.—It would prob- 
ably be of interest to dwell for a mo- 
ment before concluding on a few of 
the points that are outstanding in con- 
nection with the construction of this 
pavement. First, the equipment in the 
quarry, a crusher which will turn out 
300 tons of stone per day is required, 
next, the asphalt plant must be of 
sufficient capacity to handle this quan- 
tity of stone. On the road two rollers 
can be used to advantage, an 8-ton and 
a 12-ton, equipped with scarifier. 
Mechanical spreaders assist materially 
in the spreading of materials, only five 
shovelers and two rakers being re- 
quired to handle 300 tons per day. A 
foreman and one man to clean, grade 
and remove forms complete the per- 
sonnel. 

At the mixing plant itself, four men 
and one team will be required, with 
22 men and four teams operating 
quarry. The mix as it comes from the 
plant should contain 95.2 per cent 
stone, grading in size from dust to 2 in. 
ring and 4.8 per cent asphalt, pene- 
tration approximately 77. 

Where a stone is being used which 
is lacking in “fines” up to 5 per cent 
sand may be used to advantage, so far 
we have accepted any fairly well graded 
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sand. The material should have a tem- 
perature of about 300° F. as it leaves 
the plant in any case, arriving at the 
road at a temperature not below 275° 
F. 

In the construction of a 20 ft. road- 
way, 6 in. thick, 3700 tons will be re- 
quired to the mile, where slight de- 
pressions in subgrade are likely to be 
encountered 10 per cent must be added 
to this amount, or roughly 4,000 tons 
of material are required per mile. 

All contracts are let on a tonnage 
basis, the contractor supplying every- 
thing but the asphalt, which is supplied 
by the department. This year the 
average cost per ton for the asphaltic 
mix laid down in finished road was 
$4.80 per ton or $19,200 per mile. 

The work of constructing a mixed 
macadam pavement is still in the ex- 
perimental stage, with each mile we 
completed we improved the type. There 
is no question but that time will tell 
whether we have succeeded or failed, 
but certainly the appearance of the road 
surface is all that could be desired at 
the present time. We have also pleased 
the thousands of motorists who have 
passed over the road and instead of 
the usual caustic remarks as to de- 
tours and inconvenience we have re- 
ceived many letters of commendation. 
Taking it all in all, we believe the type 
of pavement we have discussed will be 
an absolute success and anticipate the 
construction of a very considerable 
mileage next year. 


New 5-Ton 4-Cylinder Motor 
Roller 


Five years ago, The Huber Manufac- 
turing Co. of Marion, O., announced a 
10-ton 4-cylinder motor roller built 
along lines different from the conven- 
tional roller at that time. The company 
now announces a practically the same 
construction in 5 and 7-ton sizes. 

This smaller Huber motor roller is 
powered with a Waukesha 4-cylinder 
engine developing about 30 H. P. This 
engine is equipped with circulating 
pump, high tension magneto, an oil 
spray air cleaner, and a governor con- 
trol. The roller frame is made of boiler 
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plate tied and braced to be absolutely 
rigid to afford proper support for en- 
gine and transmission. The transmis- 
sion consists of chrome nickel steel 
gears, machine cut and heat treated and 
all gears including final drive are en- 
closed in heavy cast iron case perfectly 
dust and dirt proof, and run in a con- 
stant bath of oil. There is not a plain 
bearing about the outfit excepting the 
front rolls that are bushed with bronze, 
and a few steering and brake parts. 
Every other journal including rear axle 
is hung in a heavy duty ball or roller 
bearing. This arrangement greatly 
prolongs bearing life and reduces fric- 
tion. A built-in spur gear differential 
is a feature of the transmission. This 
differential throws the same pulling 
strains on both drive rollers, no matter 
whether on a straight pull or on a 
curve. All shafting in the transmission 
is heat treated and splined. 

A feature of this roller is the method 
of control. It has two speeds forward 
and two speeds reverse and the travel 
in each direction is the same in each 
speed. The change from forward to 
reverse is practically instantaneous and 
is accomplished without shifting of 
gears. A single control lever shifts 
heavy frictions one for the forward 
motion and one for reverse. When the 
lever is in central position it is neutral 
and both frictions are released. 


The manufacturer claims several ad- 
vantages for this control. The change 
can be made without any delay as there 
are no gears to shift—simply a single 
motion on a single lever. The friction 
wear is distributed through three 
clutches—the master clutch and the for- 
ward and reverse clutches, reducing 
clutch troubles to a minimum. It gives 
a cushioned start—no kicking of drive 
rollers and no danger of killing engine. 
The mechanism is simple and accessible 
from outside of frame for replacement 
or repair. 

Both front and rear rolls are solid 
cast of nickel iron, same as on the 10- 
ton model. The front yoke—a distinctly 
Huber design—is also the same. This 
small roller will have scarifier attach- 
ment, also a grader blade attachment 
that will be available. if wanted. 
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Gasoline Deteriora- 
tion Test for Asphalt 
Paving Mixtures 


Test Developed in Municipal Test- 
ing Laboratory, Rochester, De- 
scribed in Paper at Asphalt 
Paving Conference 


By HENRY L. HOWE, Jr. 


Director Municipal Testing Laboratory, 
Rochester, N. Y. 


This test was first used in our labora- 
tory in 1922 in the study of a defective 
stone filled sheet asphalt pavement. It 
can be briefly described as follows: 

The Test.—A 2-in. diameter cylinder, 
either cut from the pavement by means 
of our sampling device or a stmilar cyl- 

















Fig. 1—Set-Up for Test 


inder 2 in. deep made up in the labora- 
tory under standardized conditions of 
temperature and pressure, is weighted 
and then placed with the tap practically 
level, on a triangular support over a 
beaker. With the specimen at room 
temperature, 10 c.c of motor gasoline 
are dripped at the rate of 1 c.c. per 
minute upon its top surface, care being 
taken to see that the gasoline spreads 
evenly over the upper circular surface 
of the specimen. After standing an 
additional 10 minutes all loose material 
is scraped from the specimen into the 
beaker (if further analysis is required) 
by means of a light steel spatula. The 
specimen is then dried to eliminate any 
remaining gasoline, and weighed. The 
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loss is then preferably figured on the 
basis of percentage loss by volume of 
a specimen 2 in. deep and 2 in. in diam- 
eter, or, for the specimens of equal 
volume and material as per cent loss 
by weight. Fig. 1 illustrates the set-up 
used for the test described. 

In regard to the manner of conduct- 
ing such a test, the method as above 
outlined might be greatly improved by 
a limited amount of research. Brief 
experiments were carried out, without 
much success, to determine whether or 
not this test could be simplified by 
placing the specimen, for a certain time, 
directly in a glass crystallizing dish 
containing a standardized amount of 
the solvent, thus eliminating the bur- 
ette and the labor of regulating the 
rate of drip of the solvent. Again, it 
was thought that carbon tetrachloride 
(which we prefer for routine work of 
analysis of asphalt pavement mixtures 
in place of carbon disulphide) could be 
used as the solvent in such a test. 
However, the carbon tetrachloride did 
not act in as satisfactory a manner as 
the gasoline and was abandoned with- 
out any extensive attempts to vary the 
conditions of test te make its use sat- 
isfactory. 

Use of Test.—A test of this char- 
acter should be of considerable value 
in comparing the relative resistance of 
various asphalt paving mixtures to 
such deterioration, and unlike most 
other tests used, gives visual compara- 
tive evidence that can be understood 
by a jury or the laymen, as shown in 
the following figure: 

Figure 2 shows the relative deteri- 
oration on specimens of stone filled 
sheet asphalt mixtures of light, medium 
and heavy traffic characteristics, com- 
pressed to different densities, and 
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brings out emphatically the great de- 
sirability of properly compacting the 
mixtures during the laying on the 
street. These specimens were made 
from practical plant mixtures and are 
consequently not strictly comparative 
on the basis of the traffic characteris- 
tics of the mixtures. 

Figure 3 shows the relative deterior- 
ation of ist, cylinder “A” cut from a 
very poor asphalt pavement—a poor 
mixture as well as insufficient rolling 
or compaction; 2nd, cylinder “B” of the 
same mixture recompressed in the 
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Fig. 3—Relative Deterioration of Several Cylin- 
ders from Asphalt Pavement 


laboratory to simulate proper compac- 
tion on the street; 3rd, “C” of the same 
mixture with the “bitumen” content 
raised from 7.2 per cent to 10 per cent 
and compressed as in 2nd case; 4th, 
“D” with bitumen increase as before to 
10 per cent and dust (passing 200 
mesh) increased from 6.6 per cent to 
12 per cent; 5th, “E” with the “Bit” 
increased to 12 per cent and dust in- 
creased as in “D” to 12 per cent, the 
enormous decrease in the percentage 
loss as shown in the gasoline drip test 
can be noted, first, by giving the de- 
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Fig. 2—Relative Deterioration of Specimens of Stone Filled Sheet Asphalt Mixtures of Light. 
Medium and Heavy Traffic Characteristic<« 
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fective mixture proper compression; 
then, by gradually correcting the qual- 
ity of the mixture by additions of the 
necessary quantities of materials to 
properly balance the mixture as shown 
to be required by analysis of the orig- 
inal defective sample. The last addi- 
tion of asphalt cement to the mixture 
increased the “pat” or “stain” test from 
“light” to “dark” or “fat,” and also de- 
creased the apparent specific gravity 
of the specimen, indicating that a 
slight excess of “bit” or A. C. has been 
added. As the stability of the mix- 
ture would also be lowered by such 
excess of A. C., a stability test such as 
has been developed by Messrs. Hubbard 
and Field should also bring out the 
same point. Note that the loss in the 
gasoline test decreased even into the 
range of excess “bitumen” for this cor- 
rected mixture. 


It is my belief that such evidence as 
shown by this last slide would be far 
more convincing to the layman of the 
poor quality or comparatively high 
quality of a pavement mixture than 
any amount of grading analysis figures 
—often slightly difficult for even our 
experts to thoroughly understand. 





Complete U. S. Highway Sys- 
tem Now Designated and 
Approved 


Final location of the: United States 
System of Highways consisting of ap- 
proximately 80,000 miles of the most 
important roads in the country was 
made known on Jan. 2 by the Bureau 
of Public Roads of the United States 
Department of Agriculture. The sys- 
tem was given final approval by the 
American Association of State High- 
way Officials at its annual meeting at 
Pinehurst, N. C., on Nov. 11, but public 
announcement of the exact location of 
the routes has been withheld until maps 
could be prepared fer distribution. 


The system selected embraces ten 
main transcontinental routes designated 
by numbers which are multiples of ten 
while the important north and south 
routes are numbered 1, 11, 21, 31, ete. 
These important through routes have 
many variants and cross overs to other 
routes, reaching. practically all of the 
larger cities and serving every section 
of the country. 


The work of selection has been so 
completely done that it will be prac- 
tically impossible to designate additional 
through routes without making them 
coincident to a considerable extent with 
already existing routes. This will not 
be done as it would defeat the purpose 
of a uniform system of highway desig- 
nation. 


The route-numbering system which 
has been decided upon will be of great 
assistance to tourists in following 
through routes. All east and west 
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routes bear even numbers while north 
and south routes have odd numbers. 
Frequently three digit numbers are used 
to indicate branches of through routes. 
For example Route 40 is a direct road 
from Atlantic City to San Francisco. 
A tourist in Washington desiring to go 
to San Francisco might take Route 240 
to its junction with Route 40 at Fred- 
erick, Maryland. 


There will be no difficulty in follow- 
ing any selected route since a standard 
sign showing the route number has been 
adopted and also standard danger cau- 
tion and directional signs. These stand- 
ard signs will add greatly to the safety 
and convenience of travel as there will 
be no change in their character in pass- 
ing from one State to another. Twen- 
ty-two States already report their 
United States highways completely 
marked, 14 report the work partially 
complete and 6 which have not yet 
started anticipate that it will be com- 
pleted next season. 


Work on the designation of a system 
of United States highways began in 
Februray, 1925, when on the recom- 
mendation of the American Association 
of State Highway Officials, the Secre- 
tary of Agriculture appointed the Joint 
Board on Interstate Highways consist- 
ing of State and Federal highway offi- 
cials. Suggested systems, submitted by 
all of the States, were harmonized by 
the board and a report was made to the 
Secretary of Agriculture. This report 
was approved and transmitted to the 
Association of State Highway Officials 
and the application of the plan was left 
to that body. With a few minor changes 
by them the present map has been 
adopted as final. 


The system in its final form has the 
approval of each ef the state highway 
departments and work on the unim- 
proved sections is to be pushed rapidly. 


No special funds are to become avail- 
able as the result of the designation of 
any road as a part of the system. The 
purpose has been to select a main sys- 
tem of highways for the nation, the un- 
improved sections of which will be 
given priority in improvement, and to 
eliminate confusion as to route designa- 
tion, marking and safety signs. Prac- 
tically all of the system is on the 
system of Federal-aid highways and is 
eligible to receive Federal aid. 





Snow Removal in Michigan 


The increasing public demand for 
more open roads in winter has led the 
State Administration Board of Michigan 
to authorize the State Highway Depart- 
ment to maintain approximately 5,700 
miles of state trunk line highway for 
wheel traffic during the winter of 1926- 
27. This, according to an article by 
B. C. Tiney, State Maintenance Engi- 
neer, in Michigan Roads and Pave- 
ments, is an increase of approximately 
1,640 miles over the mileage maintained 
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during the past winter. In the Upper 
Peninsula the department will under- 
take to maintain many routes for wheel 
traffic which have not been previously 
kept open. There is some question as 
to whether there will be sufficient traf- 
fic, using the through routes in the 
Upper Peninsula, to warrant the cost 
of wheel traffic snow removal. The de- 
partment expects to take traffic counts 
on these routes during the coming win- 
ter and in that way attempt to deter- 
mine whether this work is economically 
justified. 


The average cost of snow removal 
work during the winter of 1925-26 was 
about $45 per mile. In addition to the 
wheel traffic snow removal work which 
will be done on 5,700 miles of main 
trunk line, there will be work of main- 
taining the less important trunk lines 
for sleigh traffic and breaking out these 
roads for wheel traffic in the early 
spring. It is estimated that the total 
cost of snow removal work on the trunk 
line system for the coming winter will 
be approximately $310,000. 


A considerable amount of new snow 
removal equipment has been recently 
purchased by both state and counties 
and a survey of the equipment situation 
in the state indicates the following ap- 
proximate number of units of various 
types of equipment, which will be in 
use in the State Trunk Lines during the 
coming winter: 

County State 


Owned Owned 
A 163 57 
ee I ics iicnsiisinsesiamniabiniidinsbuidineatonts 30 41 
Tractor V-Plows ........... shitcinvesianaiatiinsll 38 18 
ee 12 26 
a 193 37 
I ND cvnicrsnitiescnnicetnanetitanints 50 42 


One of the fundamental principles of 
winter maintenance of highways is the 
control of drifting by the placing of 
snow fence. The value of snow fence 
is becoming more generally appreciated 
every year, and this is illustrated by 


the fact that during the past winter | 


there were approximately 31 miles of 
snow fence in place along State Trunk 
Lines, while during the past few months 
the State Highway Department has pur- 
chased 120 miles of fence, which will 
make a total of 151 miles in place dur- 
ing the coming winter. This represents 
only about one-third of the amount of 
snow fence which could be used to ad- 
vantage, but limited finances prevented 
the purchase of more fence at this time. 


In the northern sections of the state 
it is planned to have a heavy tractor 
unit and two truck units on each section 
of approximately 40 miles of road. It 
is believed that with this equipment and 
the snow fence erected this year the 
department will be able to give fair 
service to the public. There will un- 
doubtedly be times during the heavy 
storms when certain sections of roads 
will be blocked to traffic for a day or so, 
but it is the aim to have no section 
blocked for longer than 24 hours. 
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The Traffic Survey 


Its Benefits Discussed in Paper at 
12th Annual Meeting of Ameri- 
can Association of State 


Highway Officials 


By G. F. SCHLESINGER 
Director of Highways of Ohio 


It is the desire of the writer to dis- 
cuss, in a short space of time, the sub- 
ject assigned him from a business view- 
point. The question under consideration 
stated in plain language is—do we get 
our money’s worth out of a highway 
transport survey? The term transport 
rather than traffic is preferred as being 
more descriptive of the nature of the 
survey. 

This question could be answered cate- 
gorically in the affirmative and then a 
long list of benefits that theoretically 
should be realized could be enumerated. 
In Ohio about a year ago we completed 
the field work on a comprehensive 
transportation survey of a year’s dura- 
tion. The printed report has not yet 
gone to press, although we expect to 
have it published by the first of the 
year. The cost (borne jointly by the 
U. S. Bureau of Public Roads and the 
Ohio Division of Highways) will be 
about $150,000. The information ob- 
tained was more inclusive than a traffic 
count of vehicles. 

Data from Transport Survey.—Fol- 
lowing is a list of the data that were 
secured: 

(a) The number and type of vehicles. 

(b) The rated capacity and gross, 
axle and wheel loads of motor truck. 

(c) Principal commodities trans- 
ported by motor truck. 

(d) Towns of origin and destination 
of passenger cars and motor trucks. 

(e) Type of usage of passenger cars. 

(f) The number of out-of-State ve- 
hicles. 

To obtain these data in Ohio there 
were 354 regular traffic survey stations, 
156 truck weighing stations and 1,000 
stations where only several density 
counts during the year were taken. The 
above mentioned information is avail- 
able—with varying degrees of accuracy 
—for 11,000 miles of highway. This 
makes the cost at the rate of about $14 
per mile of highway surveyed. Another 
concrete representation of the cost is to 
say that the money expended on the 
Ohio survey would build four or five 
miles of paved rural highway. 

Value of Survey Depends on Its Use. 
—If both the state and federal highway 
departments had not believed that this 
survey would pay good dividends on the 
investment, they would not have under- 
taken the project. A transport survey 
per se is not the sine qua non of suc- 
cessful highway administration. The 
states that now have a transport sur- 
vey can not assume a “holier than thou” 
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attitude in the belief that their highway 
problems of the future have been 
solved. The value of a transport survey 
is dependent entirely on whether it is 
used. One of the greatest wastes in gov- 
ernmental business has been the time, 
energy, and money expended in the 
gathering of statistics and compiling of 
reports that have never been of value 
to anyone because they have not been 
used. The basements and attics of 
many governmental buildings are filled 
with dust-covered volumes of reports 
and records that have been opened 
since they were delivered from the 
printers. No doubt their compilers con- 
sidered that they would be just as val- 
uable contributions to human knowl- 
edge as we believe our highway trans- 
port survey will be. 


Ways in Which Survey Can Be Used. 
—That a highway transport survey can 
be made valuable is self-evident. Lim- 
ited time will permit the enumeration 
only, without discussion, of the more 
important ways in which a transport 
survey can be used. 

(1) In forecasting future traffic. 

(2) For the proper location of a 
highway system. 

(3) For the classification of high- 
ways. 

(4) To provide a measure of highway 
costs, construction and maintenance. 

(5) To analyze traffic requirements. 

(6) In planning a highway improve- 
ment program and budget. 

(7) In the organization of highway 
department personnel. 

(8) In traffic control problems and 
regulations. 

(9) As a guide to proper highway 
legislation and methods -of finance. 

(10) To assist in the economic co- 
ordination of all ve of transpor- 
tation—rail, water and highway. 


It is always advisable. for a public 
official to have the support of public 
sentiment in his undertaking. To be 
too far out ahead is not conducive to a 
successful outcome of his plats. In the 
case of a transport survey it is our task 
to convince the public, private and offi- 
cial, of its value before that value can 
be converted into tangible benefits. We 
must so present the idea to the citizens 
at large that they will be sold on the 
importance of being guided in future 
highway administration by the infor- 
mation made available through the 
transport survey. 

Highway officials themselves should 
not hesitate to face the facts of the sur- 
vey and act accordingly. It may be that 
some “pet” idea or hobby is discredited 
by an analysis of the data. For in- 
stance, the shape of a typical traffic 
flow line between two cities as repre- 
sented graphically is that of an elon- 
gated hour glass with the large ends 
at the terminals. Highway traffic is 
predominantly a local and short dis- 
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tance movement, and is largely a func- 
tion of the population tributary to a 
route. Traffic conditions vary greatly 
on sections of a route, and consequently 
it would appear logical that the design 
of the pavement should vary accord~ 
ingly. This fact makes the policy of 
arbitrarily constructing all sections of 
a given route of one type of pavement 
assume the proportions of a fetish— 
even though it be a portion of a highly 
advertised trails association transcon- 
tinental highway. If the evidence of 
the traffic survey is ever to be disre- 
garded the principles governing such 
action should be clearly determined. 
It is important that highway officials 
should agree among themselves on the 
correct interpretation of the data ob- 
tained before they can hope to get 
public support for a program based on 
a transport survey. 


Finances Must Be Available.—The 
poverty or penury of the Government 
will usually offer obstacles to a full or 
immediate realization of the value of a _ 
transport survey. We can not effect an 
ultimate economic solution of the high- 
way problem, in accordance with the 
evidence of the survey, if the finances 
are not available. It is such a contin- 
gency that justifies the adoption of the 
stage or progressive principle of high- 
way improvement with the plan of hav- 
ing the ultimate construction conform 
with the economic requirements of traf- 
fie conditions. 


A continuation of the survey work in 
the future will add greatly to the value 
of the information obtained originally. 
This can be carried on with a small 
skeleton organization, using selected 
key stations, which procedure is con- 
templated in Ohio. Future traffic can 
be estimated with considerable accuracy 


from the evidence of past. How- 
ever, it is not possib predict what 


change in the character ‘ofsthighway 
traffic may be imminent. - ent 
of the motor truck—and more reeéntly 


the bus—was certainly not Pageenti- 
cipated by those in authority. I ‘reéent- 
ly atténded the exhibit of equipment in 
connection with the annual convention 
of the American Electric Railway As- 
sociation. The largest and by far the 
most interesting part of this electric 
railway show was a display of motor 
busses. 


A transport survey also has a mate- 
rial value to private business, especially 
the types that derive their patronage 
from the motorists. The information 
can be used by such enterprises in a 
variety of ways. 


Factor. to Be Considered.—The for- 
mulation of a method for approximat- 
ing the traffic on a given highway-with- 
out the necessity of a field survey is 
within the range of possibility, using 
the data available as a result of trans- 
port surveys. It is believed that the 
problem is capable of solution if proper 
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consideration is given to such factors 
as: 

(1) The tributary area. 

(2) Population density. 

(3) Motor vehicular registration. 

(4) Character of population—urban 
or rural. 

(5) Classification of predominating 
industry—industrial or agricultural. 

I am informed that this problem is 
being given consideration by the Com- 
mittee on Highway Traffic Analysis of 
the Highway Research Board. 

The idea of a traffic survey is one 
that has always appealed to students 
of highway affairs. It can represent 
either a waste of money or a very prof- 
itable investment. The writer is not 
skeptical of its value to highway ad- 
ministrators. He does, however, wish 
to emphasize the fact that the survey, 
has value only as a means to an end. 
The economic production of transporta- 
tion service is the business of the high- 
way departments of the country. A 
thorough knowledge of the require- 
ments of that service is one of the basic 
principles upon which rests the success 
of modern highway administration. 








New Agrabatcher Adjusting 
Device 

A new agrabatcher adjusting device 
wherein the turn of a single control 
wheel raises or lowers the agrabatcher 
simultaneously on all four supporting 
bolts, is a recent development of The 
Heltzel Steel Form & Iron Co., Warren, 
Ohio. 

This device consists of a bevel gear 
set and roller chain and sprockets. A 
twist of thé control wheel, geared two 











Agrabatcher Adjusting Device 
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to one ratio, and the desired adjustment 
to capacity is secured. 

A scale is provided which shows ca- 
pacities measuring—8 to 14 cu. ft. on 
the sand agrabatcher and 13 to 28 cu. 
ft. on the stone agrabatcher; adjust- 
ment being possible to % ft. 

The control wheel is located above 
the agrabatcher where it can be most 
conveniently handled by an operator 
working on a platform above the truck 
and having full vision of his work. 





Changing Road Numbers on 
a State Highway System 


How Indiana changed road numbers 
in the field on its state highway system 
in 10 hours was described as follows 
by A. H. Hinkle, State Superintendent 
of Maintenance, at the recent meeting 
of the American Association of State 
Highway Officials: 

Assigning new numbers to Indiana 
state highways was necessary, first, in 
order to conform with the U. S. Highway 
system and, second, in order to har- 
monize with the thousand miles of addi- 
tional roads the commission is taking 
into the state system. Although it 
would not have been necessary to have 
changed all the numbers, this was done 
in order to conform with a definite 
scheme of numbering which the com- 
mission adopted. 

In order to produce the least confu- 
sion to the traveling public and to avoid 
complications in our bookkeeping sys- 
tem, records, and reports, this change 
was brought about in the following 
manner: 

Odd numbers were selected for north 
and south roads and even numbers for 
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east and west roads, to conform with 
the Federal system of numbering so far 
as it was practical. 

A new map was prepared and printed 
copies were available for distribution 
about the time the change of numbers 
was made in the field. A newspaper 
story explaining the change was re- 
leased a day or two preceding the 
change. 

All numbers were changed in the 
field on the entire state system in a 
single day. This change in a single 
day was accomplished by printing num- 
bers on yellow jute paper. These were 
tacked or pasted over the old numbers. 
Printed numbers were sent to each of 
32 superintendents and they in turn re- 
distributed them among enough men so 
that no man had more than 25 miles 
of road on which to change the num- 
bers. Inasmuch as our fiscal year ends 
Sept. 30, the change was made on this 
day so that with the new fiscal year 
all numbers would be changed and the 
records and reports made by the field 
men were likewise made to conform 
with the new numbers beginning with 
Oct. 1. For one month after the change 
was made the field men were required 
to put the old number and section let- 
ter on all their records and reports and 
then cross out same and place above it 
the new road and section letter. This 
method was required in order to be sure 
that the field men recognized the new 
numbering system on their invoices, pay 
rolls, records and reports. 

It will take several weeks or perhaps 
a month or more to erect our more per- 
manent markers which are embossed 
metal. Inasmuch as the change was 
made all over the state, our field men 
can take sufficient time to properly dis- 
play these metal markers and thus 
avoid errors and mistakes which natu- 
rally result in attempting to erect these 
in a hurry with inexperienced help. 


We found very little confusion either 
to the general public or to our records 
in making this change. The transition 
from the old to the new numbers will 
be recorded in our annual report, leav- 
ing a permanent record of the changes 
made. 





Handling “Sink Holes” 


As a result of a study of a number 
of “sink holes” in peat marshes of the 
State Highway Department of Mich- 
igan has radically changed the policy 
followed in handling situations of 
this kind. It was the former prac- 
tice to load these peat marshes as 
lightly as possible to avoid settlement. 
The study made demonstrated the fact 
that settlement is bound to occur any- 
way, and the logical policy to follow 
is to encourage rapid settlement by 
heavy loading so that the fill may be 
stable when surfacing is placed. New 
methods of placing these fills have been 
worked out which insure material sav- 
ings in earthwork besides producing a 
stable embankment. 
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Salvaging Old Pave- 


ments 


Methods of Using Them as Bases 
Described in Paper at 5th Annual 
Asphalt Paving Conference 


By R. KEITH COMPTON 
Director of Public Works, Richmond, Va. 


It is assumed that in assigning this 
subject to the writer, it was intended 
to include only those old pavements 
which may be used as a base and cov- 
ered with one of the standard bitumi- 
nous tops or wearing surfaces. The 
standard top would include the stand- 
ard sheet asphalt pavement known as 
binder and top, asphaltic concrete— 
both fine and coarse aggregate, includ- 
ing the types known as Bitulithic and 
Topeka, and also Bessonite, the wearing 
surface designed some time ago by Ma- 
jor F. S. Besson, U. S. A., who was at 
that time Assistant to the Engineer 
Commissioner, Washington, D. C. 

Where there is a possibility of sav- 
ing the old bases and utilizing them for 
resurfacing work, it is the writer’s 
opinion that a great deal can be saved, 
and almost, if not as good a pavement, 
with as long life, be had. Of course, 
in the resurfacing of granite streets, 
we cannot hope to have the perfect 
contour which would be gotten by lay- 
ing a concrete base to the proper grade, 
but there-is so little difference in the 
riding qualities of a well resurfaced 
street and a newly constructed street 
that the difference is inappreciable. The 
extra money. that can be saved will go 
that much farther to give the city addi- 
tional paving. 

Although it is impossible to estimate 
closely the life of granite spall paving, 
it would. seem that if it had given serv- 
ice for 20 years that you might safely 
say that it had paid for itself and 
therefore, it does not owe you anything. 

Effect of Underground Structure on 
Pavement.—Another point which the 
engineer should give consideration to 
is the installation of underground struc- 
tures such.as water, sewerage, gas, etc., 
and if these structures are to be in- 
stalled, what will be the condition of 
the old pavement when he is ready to 
install the top. 

The writer can point, during his 15 
years of experience in street paving 
operations, to any number of old block 
pavements which were in good condi- 
tion for resurfacing at the time of the 
first inspection, but after underground 
structures were installed, the pavement 
was practically useless as a base. 

In the case of old stone pavements, 
such as granite block, spall or cobble, 
it is impossible to relay this material 
as securely as it was before being dis- 
turbed. If there are any number of 
trenches in ‘the street and an attempt 
is made to concrete them, it will be 
found that the expense incident to such 
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construction will largely inerease the 
cost. In such cases, it has been the 
writer’s experience that the best thing 
to do is to salvage the old material for 
replacement purposes on other streets 
and grade out and install a concrete 
base. A newly laid block pavement will 
not give as secure a foundation as it 
would if left undisturbed and where it 
had been pounded down by heavy traffic 
for generations. 


Careful Inspection of Old Pavement 
Necessary.—Another point to consider 
is the contour of the old pavement as 
compared with the contour or cross- 
section of the new. If this difference 
is great, it has to be made up of new 
material. 

In the case of standard two-course 
sheet asphalt, the difference is made up 
by the use of extra binder so as to 
bring the bottom of the wearing course 
an inch and a half under and parallel 
with the finished surface. 


If of one-course bituminous pave- 
ment, such as Bessonite or asphaltic 
concrete, the difference is made up with 
the use of the same material, all of 
which is, of course, an added expense. 

In citing this, it is the purpose of the 
writer to endeavor to show that a min- 
ute and careful inspection of the old 
pavement is necessary before the im- 
provement is started and both and be- 
fore and after utilities are installed. 
Complications of this sort are bound to 
arise and it has frequently been nec- 
essary to change resurfacing projects 
to standard construction because these 
matters were not carefully looked into 
beforehand. 

Assuming that the old pavements are 
in fair condition, resurfacing is a pay- 
ing proposition and old pavements 
which have given good and practical 
service to the public for years, such as 
stone, block, cobble, brick, macadam 
and gravel, will serve as an excellent 
base for bituminous pavements. 


Preparing Old Pavement.—No matter 
what the character of the old material 
to be used as a base, it should be swept 
clean of all dust and foreign matter. 
If of stone block or brick it should be 
well washed, using a hose if necessary 
and then well broomed. If the joints 
are of sand the tops will be blown out 
to some extent, but this will give the 
bituminous material an excellent bond. 
Care should be used not to blow out the 
joints too deep. It has been the writer’s 
recent experience that where blown out 
too deep, unequal compression results, 
which shows up in the surface of the 
bituminous material. 

If the old material is of macadam or 
gravel, it should also be broomed clean 
of all dust and foreign matter. Light 
sprinkling is sometimes desirable in this 
case. 

It is well to cut test holes beforehand 
so as to obtain the exact thickness of 
the old roadbed. Not only is this nec- 
essary in order to obtain first hand in- 
formation regarding thickness of base, 
but very frequently the crown of old 
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macadam roadbeds between curbs is too 
high, and in attempting to reduce the 
crown by cutting off some of the old 
material, the base is sometimes ren- 
dered too thin and its usefulness 
impaired. 

If contour of old roadbed is too ir- 
regular, scarifying and slight resurfac- 
ing may be necessary, in which case 
the surface should be then thoroughly 
compressed and put under traffic sev- 
eral weeks before beginning resurfac- 
ing operations. 

In case of small depressions in the old 
surface, the cushion coat is desirable, 
that is to say, these depressions should 
first be filled up with bituminous ma- 
terial and thoroughly tamped or rolled; 
frequently the old material is in such 
shape that this method will bring it 
approximately to the proper contour 
for wearing surface. 

Thickness of New Bituminous Ma- 
terial—With reference to the econom- 
ical thickness of new bituminous ma- 
terial for the wearing surface, where 
one course material is used, there is ° 
a great diversity of opinion on this 
subject. 

The writer has resurfaced streets of 
very light traffic, where the original 
pavement was of well laid vitrified - 
block, with a minimum thickness of 
wearing surface of three-quarters of an 
inch. Here, however, one has the ad- 
vantage of a well laid original pave- 
ment of good surface and contour. This 
could not be done with safety where 
the old pavement is of rough granite 
or spall. 

It is safer, however, to establish a 
minimum thickness of 1% in. The 
maximum thickness depends entirely 
cn conditions and what is necessary to 
bring the pavement to the proper con- 
tour. If over three inches in thickness, 
it should be laid in two layers, both of 
them thoroughly compressed. 

Excessive thickness is to be avoided; 
if too thick, lack of compression is 
liable to result as well as excessive 
cost. 

Factors of safety in this respect for 
light traffic are approximately as fol- 
lows: One and one-quarter inches for 
minimum thickness and 3 in. for max- 
imum thickness or an average of ap- 
proximately 2 in. over the entire area. 


On heavy traffic streets, however, the 
minimum thickness should be increased 
to 1% in., and the maximum to what- 
ever depth that is necessary to bring 
the pavement to a good contour, avoid- 
ing excessive depth as far as possible, 
principally on account of cost. 

Gutters’ for Bituminous Paved 
Streets.—If the old pavement is of well 
laid brick, in fair condition, it presents 
a much simplier proposition. Usually 
on such pavements a uniform thickness 
of 1% in. throughout can be main- 
tained. 

If the old brick surface is rough or 
in pot holes, the method prescribed for 
rough granite block can be used. 

While we are dealing somewhat with 
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methods of construction, the question of 
gutters of some hard material very 
naturally arises. We all know that 
bituminous material does not wear well 
against the curb, particularly on grades 
under 2 per cent; dampness is almost 
bound to exist, because all the debris, 
leaves, etc., finally land next to the 
curb. 


It is best to install gutters on all 
bituminous streets, regardless of grades 
and conditions. It is true, of course, 
that the matter of cost arises. 


Where the matter of parking ma- 
chines and automobiles does not arise, 
a narrow gutter of concrete or brick 
is all that is necessary, say 12 in. in 
width; this keeps the bituminous ma- 
terial away from the curb, protects it 
from dampness and at the same time 
we all know how difficult it is to roll 
bituminous material directly against 
the curb and maintain a good grade. 


The existence of gutters, no matter 
how narrow, enables us to maintain a 
much better cross-section. Where the 
parking of machines is to be considered, 
a wider strip, say from 8 to 10 ft. 
in width of either concrete or brick, 
is desirable. 


A thoroughfare with a wide bitumi- 
nous strip through the center, with a 
strip 8 or 10 ft. wide on each side, 
between the bituminous material and 
the curb of some hard material, such 
as concrete or brick can be maintained 
in a most serviceable condition. It will 
be found that this section can often be 
put into use under resurfacing condi- 
tions by allowing the old pavement to 
remain in place under the bituminous 
strip. 





21E Paver Used on Sidewalk 


Construction 


With a 21E paving mixer and a crew 
of 17 men, E. W. Coons, Hibbing con- 
tractor, laid an average of 1400 lin. ft. 
of 6-ft. concrete walk per day during 
the past construction season, according 
to the December Concrete Highway 
Magazine. This was accomplished by 
applying to sidewalks the strike off and 
tamping template and the finishing belt 
which have proved so effective for the 
quantity of concrete pavement. These 
tools made a surface too coarse-grained 
for pedestrians until a second strike 
off template which functioned much 
like a transverse float was used just 
ahead of the belts. Eight and ten inch 
belts were found superior to either the 
6 or twelve in. widths. 


The concrete was mixed for a full 
minute and was kept as dry as possible 
by the requirement that it should not 
have a slump of more than two inches 
when tested with the standard cone. 


The subgrade was sprinkled to pre- 
vent the absorption of mixing water 
and the finished concrete was kept wet 
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for 4 days to assure the complete hy- 
dration of the cement. 


Heavy wood forms dressed to 2%x5 
in. in size and braced at 10-ft. intervals 
served.as a guide for the templates and 
a strike-off for the wooden straight- 
edge, just as in road building. 


Batches were proportioned at a cen- 
tral plant where the aggregate was 
handled entirely by gravity. Bottom 
dump cars of sand and pebbles were 
delivered on a trestle and the materials 
were dropped into the bins beneath. 
The bin had slanting floors so that the 
aggregate ran into the measuring 
chutes and from there into trucks. 


Bulk cement was used. It was trans- 
ferred from box cars to the cement bin 
with scoops mounted on wheels, much 
like a small hand truck. With these 
scoops two men, working by contract, 
regularly unloaded a car of cement in 
four hours. 





A New Traffic Sign 


A traffic sign that can be used with 
any type of street lights to give a 
brightly visible sign at night is a re- 
cent product of the Essco Manufactur- 
ing Co., Peoria, Ill. Rays of light 
from the street light pass 
through the specially designed 
and patented lenses in the sign, 
which throw out brilliant beams 
in a fan shape through the let- 
ters stop or slow, directly into 
the path of the approaching 
motorist. The signs can be used 
regardless of height or location 
of the street lights, whether the 
lights are suspended from cables 
or mast arm, whether bracket 
mounted or of the ornamental 
type. It is not necessary to 
place the sign at any particular 
distance or angle from the street 
light. It is located at the curb- 
line like any ordinary sign. The 
rays of the street light are col- 
lected through the back of the 
patented lenses and sent out to 
the driver regardless as to the 
angle at which the sign is set. 


The sign is built of heavy 
steel, approximately 3/32 in. 
thick, provided with a reinforc- 
ing rib around the entire sign 
and having lens holders and 
pipe socket welded to the back. 
The shape and color are in keep- 
ing with the recommendation of 
the Hoover conference, black let- 
tering on a federal yellow back- 
ground. The back of the sign 
is finished in yellow as well as 
the face. The legends are of 
raised letters, and all finish 
coats are of the latest develop- 
ment of non-cracking, non-peel- 
ing, weather resisting finish, the 
same as now béing used on the 
higher grade motor cars. 
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When installing it is only necessary 
to drive into the ground a 2-in. pipe 
of a height to suit, or this pipe may be 
grouted in if desired. The sign is set 
on the pipe, and set screws tightened. 





Underdrainage of Pavements 

In a paper presented at the recent 
meeting of the Highway Research 
Board, V. R. Burton, Engineer of Spe- 
cial Assignments of the Michigan State 
Highway Department, stated that a 
preliminary study of underdrainage has 
shown that tile underdrain, either with 
or without gravel sub-base, when in- 
stalled at a good depth along the edge 
of the pavement slab, is very effective. 
He stated that on one project built two 
years ago on one of the heaviest trav- 
eled roads, stretches of pavement are 
in perfect shape with no other cracks 
than the 100-ft. joints for as long as a 
half mile at a time. This subgrade is 
heavy clay treated with gravel and 
sand sub-base and edge tile, and was 
considered so difficult by the county 
highway authorities that it was claimed 
no rigid pavement could be built on it. 
Sub-base, unless thoroughly drained 
with tile, has been demonstrated to be 
worse by far than no subgrade treat- 
ment at all. 


The “See Thru” Sign 
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City Type Pavement 
on Rural Highways 


Use of Sheet Asphalt by New Jersey 
County, Described in Paper at 
Asphalt Paving Conference 


By HENRY BREVOORT SMITH 


County Engineer, Burlington County, 
Mt. Holly, N. J. 


Burlington County, a rural agricul- 
tural county in southern New Jersey, 
has constructed over 85 miles of sheet 
asphalt highways through the county in 
the last few years, besides a consider- 
able mileage of penetration macadam. 


About 9 years ago, Burlington 
County realized the need of immediately 
improving its highway system, as its 
old macadam roads were being rapidly 
destroyed by the ever increasing ve- 
hicular traffic, and the cost of main- 
tenance was amounting to a prohibitive 
figure. 

Many types of highways were studied, 
but most of them involved the destruc- 
tion and wasting of the old macadam 
roads, which was not thought expedi- 
ent. After discarding first one kind of 
pavement and then another, the field 
narrowed itself down to a type of pave- 
ment that could be laid upon the old 
stone road, using it in some way as a 
base. Finally the use of sheet asphalt 
suggested itself, and an intensive study 
was made of the characteristics of this 
type of pavement. Again came the 
question, was it suited to country roads, 
how long would it last, what was its 
cost, and would it be expensive to main- 
tain? These questions were threshed 
out pro and con, and at last it was 
decided to try it out on an experimental 
base. 

Widening Old Base.—Having decided 
on a sheet asphalt pavement, the next 
question was how to. salvage the base 
and properly utilize the stone, or road 
metal. Most of the macadam roads 
varied in width from ten to twelve 
feet and had much too high a crown 
for a bituminous pavement. They were 
also variable in depth, and some even 
had an old telford center. 


It was decided that the first county 
pavement to be constructed should be 
18 ft. wide and this included the widen- 
ing of the existing stone road to con- 
form with the new pavement width. 
This was done by forming a trench 6 
in. deep and approximately 4 to 5 ft. 
wide, on either side of the old existing 
stone road, and filling it with 2% in. 
broken stone. This stone was then 
filled with a local gravel binder and 
thoroughly rolled until compacted. 

After this was done, the center por- 
tion of the road was thoroughly scari- 
fied and the’ excess material in the 
crown, evenly distributed over the en- 
tire width. 
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New stone was added where neces- 
sary to correct any fault in the contour 
or to reinforce the base where neces- 
sary. The whole was then thoroughly 
covered with screenings, waterbound 
and rolled. This base was then sub- 
jected to traffic for a period of approx- 
imately 30 days so that any weak por- 
tions would develop before the pave- 
ment was laid. 


Constructing Sheet Asphalt Pave- 
ment.—Following this came the con- 
struction of the sheet asphalt pavement 
composed of 1% in. of binder and 1% 
in. of surface mixture. Making a total 
pavement of 3 in. This thickness has 
been varied from time to time in the 
hope of making some real improvement 
and for a while a 2-in. base course 
and a 1 in. surface promised to give 
excellent results but during cold or 
chilly weather it was more difficult to 
prevent honey-combing, so we have 
gone back to the original thickness of 
1% in. of binder and 1% in. of top. 


Before commencing the actual laying 
of the pavement the stone base was 
thoroughly swept with a rotary broom 
and all excess dirt and screenings re- 
moved. 3 in. x 6 in. wooden forms are 
then laid to line and grade on the 
extremeties of the base and are 
securely held in position by iron pins. 
The 1% in. binder course is then laid, 
care being taken to remove any minor 
depressions or pot holes that are in the 
base. The binder is then thoroughly 
rolled and whenever possible covered 
with surface mixture during the same 
day. The following day the pavement 
up to this point is thrown open to 
traffic. 


Of course, many deviations from the 
outlined method of construction is often 
necessary. At times we must modify 
a curve, realign certain sections of the 
road, ete., which require an entire new 
stone base, a slag base or perhaps a 
concrete base. Drainage plays a vital 
part in the construction of any road 
and as the old saying goes “Your road 
is as good as your drainage” applies 
to this type of highway. 


Sheet Asphalt Paving on Bridges.— 
Through most of our towns in Bur- 
lington County, the sheet asphalt is 
laid on a 6 in. concrete base but to 
date it is impossible for a stranger 
to tell which is laid on a stone base 
and which is laid on a concrete one. 
Both type bases, when properly con- 
structed give excellent results, but 
usually where we find it necessary to 
completely remove the old stone base 
in a town, so as to correct the grades, 
etc., we consider it advisable to put 
in a concrete base. We have also had 
splendid results from the so called 
“Black Base” where it was imperative 
to open the street immediately for 
traffic, and not wait for the length of 
time necessary for a concrete base to 
set. It might be interesting to note at 
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this point, that a great many of the 
smaller county bridges along our roads 
have been paved with sheet asphalt di- 
rectly over the deck, so that the road 
and bridge present a uniform grade, 
and eliminate any jar or bump in pass- 
ing over one. This statement applies 
to both wooden and concrete decks and 
in some cases to old block decks. The 
results along these lines have been ex- 
cellent, and we are very much pleased 
with them. 


Burlington County has a total of 242 
miles of county highways under its 
jurisdiction, exclusive of town, city and 
township roads. These roads are main- 
tained by its own county forces, who 
carry on all the maintenance work. 
During the past few years this main- 
tenance force has both grown and de- 
veloped, and now much of our stone 
base construction as well as penetra- 
tion macadam roads are built by them. 
As yet we have carried on no sheet 
asphalt construction with these forces, 
but some day in the near future it 
may be advisable for the county to 
install a small patching plant to care 
for our many miles of improved roads. 


The Present Road Program.—Natur- 
ally, after having built the type of 
pavement we have for 9 years, and 
studied our traffic problems we have . 
a comprehensive road program laid out. 
At this time it is our policy to build 
all roads not less than 20 ft. in width, 
a 21 ft. stone base and adequate shoul- 
ders. Secondary traffic roads are care- 
fully constructed of penetration ma- 
cadam, the same width as our sheet 
asphalt roads so as the county devel- 
ops they can be easily surfaced with 
sheet asphalt without any more re- 
construction of the base. At present 
we are constructing new roads at the 
rate of ten to twelve miles a year. Of 
course, this figure varies considerably 
but it is our general average. 


Costs.—In round figures, our pene- 
tration macadam roads 20 ft. in width, 
including reconstruction of the base, 
shoulders, etc., run between $16,000 and 
$18,000 per mile. Our sheet asphalt 
highways 20 ft. wide, including recon- 
struction of the base, shoulders, etc., 
average approximately $27,000 to $30,- 
000 per mile. Each individual road of 
course, varies considerably but usually 
it takes about 2,000 to 3,000 tons of 
stone per mile of macadam base re- 
construction at $5.00 per ton in place 
including all the incidental work. This 
latter figure of course, applies only to 
sheet asphalt construction. The prices 
on sheet asphalt also vary widely de- 
pending on the location of the roads, 
railroad facilities, haul, ete. However, 
our average cost per square yard is 
approximately $1.40 for a 3 in. sheet 
asphalt pavement. At this point it 
might be interesting to note that the 
county’s specifications require a weight 
of 170 lb. per square yard for 1% in. 
of surface mixture, making a total of 
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320 lbs. for the finished pavement. The 
weight is slightly above the average 
required for most 3 in. sheet asphalt 
pavement, but it gives a little latitude 
in filling minor depressions or slight 
pot-holes in the macadam base, with- 
out weakening the rest of the pave- 
ment. 


Maintenance.—Our oldest pavement 
is now going into its tenth year and 
our maintenance cost on it has been 
nothing. This road carries heavy traf- 
fic, and during the War was one of 
the main arteries to Camp Dix and was 
subjected to heavy motor truck train 
travel. Some of our sheet asphalt 
roads have needed minor maintenance 
on them, but the average is less than 
$50.00 per mile per year to date. Of 
course, in many of the towns, open- 
ings in the pavement have been made 
for gas, water and sewer, but these 
are easily repaired with a temperary 
mixture of asphalt cold patch, and 
later after settlement has taken place, 
with a hot mixture. A charge is made 
by the county of $10. per square yard 
for the road openings in its pavements, 
and this sum is more than ample to 
properly repair all cuts. Usually it is 
advisable to wait until quite a few 
openings have been made before having 
a hot patch gang go out, and it has 
been our practice to do this class of 
work twice a year, namely in the 
spring and late fall. 





State Highway Construction in Cali- 
fornia.— According to_ the recently 
issued biennial report of the California 
State Highway Commission, since 
July 1, 1924, 370 miles of new high- 
ways have been constructed in Cali- 
fornia, according to the report, and 
257 miles of highway reconstructed, 
making a total of 627 miles of new and 
reconstructed roads for the biennium. 
The new highways cost’$10,885,756 and 
the reconstructed jobs $9,797,475. Main- 
tenance cost $8,189,335. Sixty-five 
bridges and grade separation struc- 
tures, twenty-four of which were under 
contract prior to July 1, 1924, were 
completed during the 2-year period On 
June 30, 1926, the end of the biennial 
period, 192 miles of new highway and 
111 miles of old highway were under 
construction or reconstruction. 





Traffic Surveys.—Traffic surveys to 
show the utilization of various high- 
ways have been made in Connecticut, 
Maine, Pennsylvania, Ohio, California, 
and Cook County, Illinois, and similar 
surveys are to be made in New Hamp- 
shire and Vermont. 





Across State Highways.—Twenty-five 
states -have continuously improved 
highways entirely across them in at 
least one direction and 16 of these have 
completed trans-state arteries in two 
directions, 
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Industrial Notes 


J. W. Stephenson, president of Indiana Truck 
Corporation, Marion, Ind., announces the ap- 
pointment of A. S. More as vice-president and 
general manager effective Dec. 15, 1926. This 
appointment is in line with the recently adopted 
expansion program of the Indiana Truck Cor- 
poration. Mr. More is well and favorably known 
in the automotive industry, particularly in the 
truck division, having been president of the 
Selden Truck Corporation, Rochester, N. Y., until 
joining the Indiana organization. Previously he 
had been president of the Denby Motor Truck 
Company at Detroit and before then production 
manager at the Hudson Motor Car Co., Detroit. 


In accordance with reorganization plans re- 
cently perfected by the Standard Oil Co. of New 
Jersey, Joseph S. Helm, manager of the asphalt 
department of the Standard Oil Co. of Louisiana 
and located at New Orleans, becomes general 
manager of asphalt sales at home and abroad 
for the Standard Oil Co. of New Jersey. C. G. 
Sheffield, until recently in charge of the asphalt 
department, Standard Oil Co. of New Jersey, has 
been placed in charge of sales in ine lubricating 
department. Under Mr. Helm all the asphalt 
sales work of the New Jersey company will be 
centered at 26 Broadway, New York City. With 
his transfer to the lubricating oil department 
as manager of sales, Mr. Sheffield retires Jan- 
uary 13th as president of The Asphalt Associa- 
tion, a position in which he has served the 
asphalt industry most effectually for the past 
two years. 


The Butte, Mont., office of the Sullivan Ma- 
chinery Co., James G. Graham, manager, has 
been moved from 48 East Broadway to 54 East 
Broadway. 


The Lakewood Engineering Co. announces the 
appointment of the Superior Supply Co., Webster 
Building, Chicago, as distributors of their equip- 
ment in the river counties of Iowa, northern 
Illinois, and the northwest portion of Indiana. 
A. N. Herrick, manager of the Lakewood Chi- 
cago office now closed, continues as district su- 
pervisor for the Central West territory, head- 
quarters with the Superior Supply Co. 


P. C. Neacy, vice-president and general man- 
ager of the Beaver Manufacturing Co., Milwau- 
kee, Wis., makers- of heavy duty gasoline en- 
gines, has been elected president by the directors 
to succeed his father, Thomas J. Neacy, who 
died Nov. 16. Mr. Neacy says that there will 
be no changes made. The company will con- 
tinue to manufacture gasoline engines ranging 
in horsepower from 25 to 150. This last year 
the sales of this company showed 60 per cent 
increase. 


The National Lime Association is now located 
at its new headquarters, 927 15th St., N.W., 
Washington, D. C. 


The Caterpillar Tractor Co. has opened a dis- 
trict sales ao and distributing warehouse at 
Albany, N. Y. . M. Hales, district sales man- 
ager, who will t “in charge, states that all field 
engineers and factory salesmen covering the New 
England and Eastern Atlantic states will operate 
from Albany hereafter. The New York City 
office at 50 Church St. will continue to serve 
the Eastern export business. 


The Hunter Machinery Co. of Milwaukee, Wibs., 
distributors of construction and industrial equip- 
ment, after one of its most successful years 
since its founding 4 years ago, has formed a 
new company to be known as the Hunter Ma- 
chinery Co. Of Michigan, with headquarters at 
520-82 Monroe Ave., N.W., Grand Rapids, where 
the company has erected a new office, ware- 
house and shop building. Bert E. Uebele, a 
graduate of the mechanical engineering depart- 
ment of the University of Michigan, who has 
been with the company a number of years, will 
be in charge of the Grand Rapids office. Tom G. 
Abrams, a Michigan graduate in civil engineer- 
ing, who has been with the company in Wis- 
consin for six years, will be in charge of the 
Flint territory. Leon Lutz, formerly superin- 
tendent of construction with the Austin Co., 
will be in charge of the Jackson territory and 
Geo. Swart, formerly with the Bosch Magneto 
Co., will be assistant to Mr. Uebele at Grand 
Rapids. In addition, clerical help, service me- 
chanics, and others of experience have been 
added to the organization. The territory cov- 
ered in Michigan will be from the shores of 
Lake Michigan to the eastern border of Bay, 
Saginaw, Genesee, Livingston, Jackson and 
Hillsdale counties. Practically every line that 
the Hunter ay Co. represents in Wiscon- 
sin will covered by the new corporation. 
This hd the Aeroil Co., Atlas Engineering 
Co., Barnes Mfg. Co., Blaw Knox Co., Carbic 
Mfg. Co., Chain Belt Co., Clyde Iron Works, 
Cleveland Wheelbarrow Co., LeRoi Co., A. 
Leschen & Sons Rope Co., Parsons Co., North- 
west —— Co., Sasgen Derrick Co., Sul- 
livan Machine Co. etc. complete stock, 
including apprétimately four carloads of ma- 
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chinery and equipment, will be on hand for the 
service of the Michigan trade as well as a 
complete parts service stock. The capital of the 
Hunter Machinery Co. has also been increased 
$100,000. George A. Cooper and Bert E. Uebele 
have been made directors in the Wisconsin cor- 
poration. Andrew Crowley, formerly with the 
Sullivan Machinery Co., has joined the Wiscon- 
sin organization and will take over the territory 
formerly handled by T. G. Abrams. Alvin H. Jen- 
sen and Ray A. Arndt of Milwaukee have been 
added to the sales force of the Wisconsin cor- 
poration. The Wisconsin plant layout has been 
increased by the addition of a new modern day- 
light shop building with complete facilities for 
doing all classes of repair work on machinery. 


R. C. Schultz, who has been connected with 
The Heil Co. branch in Chicago, has been ap- 
pointed Cleveland representative for The Heil 
Co. with headquarters at the Gustaf Schaefer 
Wagon Co., 4180 Lorain Ave., Cleveland. 


The Heil Co., Milwaukee Wis., has opened a 
direct branch office for sales, service and stock 
in Greater New York, at Rawson St. and Queens 
Blvd., Long Island City, N. ¥. A large stock 
of hoists, wood steel lined bodies and compart- 
ment tanks will be carried as well as a com- 
plete stock of service parts for the entire Greater 
New York territory. George Kuhlman, who has 
been branch manager of The Heil Co. in Phila- 
delphia since 1922, has been named district 
manager for the New York and Philadelphia 
territories with headquarters in New York. Mr. 
Batchelder will be the assistant manager in the 
New York territory, and Charles Genther assist- 
ant manager in charge of the Philadelphia 
branch. 


The Mundy Sales Corporation announces the 
at-pointment of the George W. Ziegler Machinery 
Co., 528 First Ave., Pittsburgh, Pa., as ex- 
clusive distributors for Mundy hoisting equip- 
ment, including the new patent 3-speed hoist. 


The — Process Co. announces that, ef- 
fective Jan. 1927, a new company known as 
Solvay Sales NF K, became the exclusive 
distributor of the products of The Solvay Process 

Solvay Sales Corporation acquired the en- 
tire business of Wing & Evans, Inc., and as- 
sumed, as principal, all contracts executed by 
Wing & Evans, Inc., covering products of The 
Solvay Process Co. Solvay Sales Corporation 
took over the entire personnel of Wing & 
Evans, Inc. This personnel becomes the oper- 
ating staff of Solvay Sales Corporation, and all 
offices and branches of Wing & Evans, Inc., will 
be continued as offices and branches of the new 
company. 


The Sullivan ery 
nounces that its channeler business has been sold 
outright to the New Albany Machine Manufac- 
turing Co. of New Albany, Ind. All completed 
channeling machines, together with the complete 
stock of their parts, pattern drawing, tools, etc., 
have been turned over to the new owners. Or- 
ders for spare parts and for new machines 
should be addressed to them. The Sullivan Co. 
decided to dispose of the channeler business to 
permit it to devote more manufacturing space, as 
well as more time and attention to other. Sulli- 
van equipment, such as air compressors, rock 
— hammer drills, drill sharpeners and portable 

oists. 


The Barber-Greene Co. has opened a new office 
in Kansas City, Mo., at 2045 Main St. E. H. 
Cooper, district manager of ‘the Barber-Greene 
Co., will be in charge. The complete Barber- 
Greene line, including P dtaeme. loaders, portable 
conveyors and coal handling equipment, will be 
handled through this new office. 


Al W. Scarratt has been appointed assistant 
chief engineer of te, Hyatt Roller Bearing Co., 
Newark, N. J. rior to joining the Hyatt 
organization, Mr. desma spent 13% years with 
Minneapolis Steel & Machinery Co., Minneapolis. 


The Timken Roller Bearing Co., Canton, 0O., 
announces the following changes in personnel: 
Paul Ackerman has been appointed engineer 
service department of The Timken Roller Bear- 
ing Co. All service work of the automotive, 
industrial and steel mill divisions will be co- 
ordinated under his direction. Headquarters will 
be maintained at Canton, O. J. H. Ridge has 
been appointed branch manager of the Pitts- 
burgh branch of The Timken Roller Bearing 
Service & Sales Co. G. G. Weston has been 
appointed branch manager of the Omaha branch 
4 The Timken Roller Bearing Service & Sales 


The Heil Co., Milwaukee, Wis., has announced 
the appointment of the following distributors: 
Smith Moore Vehicle Co., 408 North Fifth St., 
Richmond, Va., as distributors of Heil tanks, 
bodies and hoists for the territory of Virginia 
and the Carolinas; Six Wheels, Inc., 1223-33 
Santa Fe Ave., Los Angeles, Calif., has been 
eppointed distributors for Heil hoists in southern 
California; The Arizona Truck & Tractor Co., 
Phoenix, Ariz., will distribute Heil products in 
Arizona. 





Co., Chicago, Ill., an- 
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